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ADVERTISEMENT. 


The Committee appointed by the Royal Society to direct the publication of the 
Philosophical Transaction.^ take this opportunity to acquaint the Public, that it fully 
appears, as well from the Council-books and Journals of the Soci(»ty, as frmn repeated 
declarations which have been made in several former Transactions, that the printing of 
them was always, from time to time, the single act of the respectivt* Secretaries till the 
k^orty-seventh Volume; the Society, as a Body, never interesting themselves any furtlier 
in their publication, than by occasionally recommending the revival of them to some of 
their Secretaries, when, from the particular circumstances of their affairs, the Transactions 
had happened for any length of time to be intermitted. And this seems principally to 
have been done with a view to stitisfy the Public, that their usual meetings were then 
continued, for the improvement of knowledge, and benefit of mankind, the great tmds 
of their first institution by the 'Royal Charters, and which they have ever since steadily 
piu^sued. 

But the Society being of late years greatly enlarged, and their communications more 

numerous, it was thought advisable that a Committee of their members should be 

appointed, to reconsider the papers read before them, and select out of them such as 

they should judge most proper for publication in the future Transactions ; which wjis 

accordingly done upon the 26th of March 1752. And the grounds of their choice are,* and 

will continue tqi,be, the importance and singularity of the subjects, or the advantageous 

manner of treating them ; without pretending to answer for the certainty of the facts, 

♦ 

or propriety of the reasonings, contained in the several papers so published, which must 
still rest on the credit or judgement of their respective authors. 

It is likewise necessary on this occasion to remark, that it is an established rule of 
the Society, to which they will always adhere, never to give their opinion, as a Body, 
upon any subject, either of Nature or Art, that comes before them. And therefore thie 
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thanks, which are frequently proposed from the Chair, to be given to the authors of 
such papers as are read at their accustomed meetings, or to the persons through whose 
hands they received them, are to be considered in no other light than as a matter of 
civility, in return for the respect shown to the Society by those communications. The 
like also is to be said with regard to the several projects, inventions, and curiosities of 
various kinds, which arc often exhibited to the Society ; the authors whereof, or those 
who exhibit them, frequently take the liberty to report and even to certify in the public 
newspapers, that they have met with the highest applause and approbation. And 
therefore it is hoped that no rt'gard will hereafter be paid to such reports and public 
notices ; which in some instances have been too lightly credited, to the dislioiiour of the 
Society. 

* 

The Meteorological Journal hitherto kept by the Assistant Secretary at the Apart- 
ments of the Royal Society, by order of the President and Council, and published in 
the Philosophical Transactions, has been discontinued. The Government, on tin; n^com- 
mendation of the President and Council, has established at the Royal Observatory at 
Greenwich, under the superintendence of the Astronomer Royal, a Magnetical and 
Meteorological Observatory, wliere observations are made on an extended scale, which 
are regularly published. These, wlrich correspond witli the grand scliemc of observations 
now carrying out in different parts of the globe, supersede the necessity of a continuance 
of the observations made at the Apartments of the Royal Society, which could not be 
rendered so perfect as was desirable, on account of the imperfections of the locality and 
the multiplied duties of the observer. 
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I. Catalogue of Nebulae and Clusters of Stars. 

By Sir John Fbedesick William Hbbschbl, Bart.j F.B.S. 


Beeeived October 16, — ^Bead November 19, 1§63. 


Introduction. 

Thb study of the Nebulae has, within the last quarter of a century, attracted much more 
of the attention of observers than heretofore — as well on account of the singularity of 
the phenomena presented by many of these objects, as in consequence of the increased 
optical power of the telescopes which the skill and industry of modem inventors and artists 
have placed within their reach. The brighter nebulae cannot be viewed to any advantage, 
and the J^ter cannot be seen at all, except by the aid of telescopes of large aperture ; 
and, thanks to the exertions of Lord Eosse, Mr. Lassell, Messrs. Nasmyth and De la 
Eue in England, and Messra Steinheil, Foucault, and Porso in Germany and France, 
as regards reflecting telescopes, and to those of Fraunhofer, Mere, Cauchoix, Clarke, 
Cook, Secretan, Eoss, and Ballmeter as regards refractors ; instruments of abundantly 
sufficient optical capacity not only to repeat and verify the earlier observations, but to 
disclose new and more interesting features in many cases, have now come into the hands 
of many observers, both professional astronomers and amateurs, and may be had by any 
one who is willing to incur a cost which may be considered moderate when it is remembered 
that instruments of similar dimensions and goodness could not be obtained fifty years 
ago at any price. In consequence we find a continually increasing attention directed to 
this department of astronomy. Not to insist on the observations of the Earl of Eosse 
and Mr. Lassell with their transcendent reflectors, we find a systematic examination and 
review of them imdertaken by M. B’Arrest in the year 1856, by the aid of a refractor 
of 6-feet focal length and 4^ inches aperture in the Leipzig Observatory, whose results, 
consisting in the carefully determined places, by repeated observations, of about 230 
nebulse, were published in 1866, in a work entitled “ Eesultate aus Beobachtungen der 
Nebelflecken und Stemhaufen” (Erste Eeihe, Leipzig). This review has since been 
carried on by the same exoell^t astronomer, with the great refractor by Mere of 
11 inches in aperture and 16-feet focus, erected in the year 1861 at the Eoyal Observa^ 
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tory of Copenhagen. Again, from the Observatory of the Collegio Bomano, under the 
direction of Signor Secchi, have emanated many valuable observations, and from that at 
Harvard College, Cambridge, U.S., under the late and present Professors Bond, some of 
the most striking pictorial representations of particular nebulce which we possess. 
Neither Obglit ^ short but very valuable memoir by the late fe Mason, prihtbd in the 
7th volume of the Memoirs of the American Academy of Airts and Sciences, to be passed 
in silence ; containing as it does a very elaborate and minute examination, and some 
excellent delineations of several highly interesting nebul®, particularly those in the 
great nebulous region of Cygnus. To M. Auwers also we owe many accurate and 
valuable observations, besides a Catalogue comprising the whole series of Sir William 
Hebschel’s nebul® arranged in order of right ascension and reduced to a common epoch, 
of which more hereafter. Should the efforts which are now making to procure for the 
University of Melbourne in Australia f reflector of the first magnitude prove, as is to be 
hoped, successful, it is understood that one of the principal uses to which it will be 
devoted will be the examination and exact delineation of the numerous and wonderful 
objects of this class which the southern hemisphere presents. 

These circumstances, but more especially the last-mentioned, render it extremely 
desirable to have presented in one work, without the necessity of turning over many 
volumes, a general catalogue of all the nebul® and clusters of stars actually known, both 
northern and southern, arranged in order of right ascension and reduced to a common 
and sufiiciently advanced epoch which may serve as a general index to them, and enable 
an observer at once to turn his instrument on any one of them, as well as to put it in 
his power immediately to ascertain whether any object of this nature which he may 
encounter in his observations is new, or should be set down as one previously observed. 
For want of such a general catalogue, in fact, a great many nebul® have been, from 
time to time, in the ‘ Astronomische Nachrichten’ and elsewhere, introduced to the world 
as new discoveries, which have since been identified with nebul® already described and 
well known. Many a supposed comet, too, would have been recognized at once as a 
nebula, had such a general catalogue been at hand, and much valuable time been thus 
saved to their observers in looking out for them again. 

Besides these there are other considerations which have weighed with me in under- 
taking the task of compiling such a general catalogue. Having, in the course of my 
own observations, received the greatest possible assistance from the possession of a Manu- 
script Catalogue of all the nebul® and clusters discovered by my Father, brought to the 
common epoch 1800*0, and arranged in zones of 1° in breadth in polar distance, by his 
sister the late Miss Carolina L. Herschbl, it seemed to me nothing less than a debt of 
gratitude, not merely to acknowledge that assistance, but to avail myself still further of 
it to complete the list of his nebul® by supplying from that catalogue the places of all 
those nebul® among them which had escaped my own observation (a very numerous 
list), and by inserting from it all those places of nebul® observed by myself which were 
deficient in either element (of R.A. or P.D.), or in which I had reason to apprehend 
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great^ eirors than those which probably affected her results. This I have accordingly 
done. But to do it effectually, and at the same time to effect a thoroughly correct 
identification of the objects in my catalogues lyith those of the older series, invojved, 
as a necessary preliminary step, the reduction to 1830*0 of the whole of her catalogue^ 
an operation in which I received the assistance of my sons ; the computations being 
executed for each nebula in duplicate and checked by myself, and which, taken 
leisurely, zone by zone, as time and circumstance permitted, proved less onerous and 
^ea^ome^han might have been expected. The Catalogue thus reduced to the same 
epoch as my own, afforded the means of detecting and rectifying a great many errors of 
i^omenclature in the latter. And it was in the course of this part of the inquiry, in 
which many cases of considerable intricacy and difficulty occurred (as will be evident on 
a perusal of the notes appended to this Catalogue), and in which it became necessary to 
recur both to the original sweeps and to a series of registered extracts from them (the 
nature of which will be more distinctly stated hereafter), that I learned fully to appre- 
tiate the skill, diligence, and accuracy which that indefatigable lady brought to bear on 
a task which only the most boundless devotion could have induced her to undertake or 
enabled her to accomplish. 

Arrived at this stage — that is to say, the mean results of all the observations in my 
own Catalogues taken, and all the deficient or imperfectly observed nebulae in my 
Father’s list supplied, as above stated, and the whole arranged, not in zones, but in 
general order of right ascension, — ^it then became necessary, in order to produce a work 
available for future observation, to bring the whole up to a still more advanced epoch. 
The work required for this purpose, calling no longer for any discussion, or collation of 
the original observations or registers, but being one of simple arithmetical computation 
from a definite formula — the Royal Society, at my application, very liberally undertook 
to supply, from the funds at their annual disposal, the amount necessary to procure its 
execution by an experienced computer (Mr. Kebschneb, one of the occasional computists 
for the Royal Observatory of Greenwich). This work the Astronomer Royal most 
obligingly offered to superintend, affording at the same time his advice as to the general 
principle on which the computation should be conducted. The plan suggested by him 
and adopted in effect was this. Each object in the Catalogue was first roughly brought 
up to the year 1880 by the application of approximate precessions in R.A. and P.D. 
The places so obtained were then employed to compute the exact precessions in both by 
the usual formulae, with coefficients for the year 1880*0, viz. 

Precession in R. A. = 3»*072 q- 1**337 . sin R.A. cotan P.D. 

Precession in P.D. = ~20"*06 cos R.A. 

And the precessions, so calculated, were then used to bring up the places from 1830 to 
1860, the epoch of the Catalogue ; so that, the places being given for 1860 and the pre- 
cessions for twenty years in advance, the application of those precessions to those places 
shall give dependable places for any year up to the year 1930, at which time the small 
i? ®^ 9 css or defect of the true precession consequent on using the fifty years’ 
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antecedent place of the object will be exactly compensated by the further change of 
place in the same direction in the emhseqaent fifty. Two cases of excessive proximity to 
the poles, northern and southern, viz. those of the nebulae Nos. 2043 and 1662 of the 
present Catalogue, are excepted, the precessions changing so rapidly, and with so much 
deviation from uniformity, that a rigorous computation, at least in R.A., will always be 
necessary. In the case of No. 2043, the efiect of precession in the thirty years from 
1830 to 1860 has been to change the R.A. from 2** 32“ to lO** 8“. 

This computation was completed, and a fair copy of the resulting places, arranged de 
novo in their order of R.A. for 1860, forwarded to me on the 6th of February last (1863). 
The nomenclature of the objects having in the interim been settled satisfactorily by 
myself, and a description of each nebula, from a careful comparison of all the descriptions 
given, prepared, it remained only to fill in the columns left blank for these and the other 
necessary particulars, and to complete the Catalogue by the insertion in their proper 
places of the places and descriptions of all such other nebulm, non-observed by either my 
Father or myself, similarly reduced, of which I could gather any accounts. These will be 
found enumerated further on in the “ Explanation and arrangement of the Catalogue.” 

On the 23rd of February last, while engaged in this work, I received, by the kindness 
of the Astronomer Royal, a copy of the important work of M. Auwebs before alluded 
to, entitled “ William Herschel’s Verzeichnissen von Nebelflecken und Stemhaufen, 
bearbeitet von Arthur Auwers. Konigsberg, 1862,” of whose existence this was my first 
notice. It contains a complete and most elaborate reduction to 1830, from the observed 
differences in R.A. and P.D. with known stars, recorded in the Philosophical Transac- 
tions, of all the nebul® and clusters in my Father’s three Catalogues ; together with a 
separate catalogue of all those collected by Messier from his own observations, or those of 
Mechain and others (101 in number), similarly reduced ; another of Lacaille’s southern 
nebul®, and one of 50 “ new nebul®,” comprising nearly all those observed by other astro- 
nomers (Lord Rosse excepted) in this hemisphere — all brought up to the same epoch. 

It may be readily supposed that I lost no time in comparing my own previous work 
with this of M. Auwers ; the places of which having been obtained by the aid of far 
better and more dependable catalogues of stars, to give the true positions of. the zero- 
points or determining stars in the differential observations, as well as of more exact pre- 
cessions, and doubtless, a much more systematic process of treatment, would be entitled, 
observation for observation^ to be considered as representing the original sweeps more 
faithfully than could be expected from my own preparatory catalogue. On the other 
hand, however, the Zone Catalogue from which that was derived possessed the advantage 
of having been deduced, not from a single difference of R.A. and P.D. between each 
nebula and a single determining star, but from all the observations of each nebula ; 
often in many different sweeps, and in the same sweep often from more than one star ; 
thus eliminating, no doubt, a great deal of casual error. In that catalogue, too, as in 
my own catalogues of 1833 and that of the southern nebul®, the individual results of 
each observation, or, to speak more exactly, of each differential comparison, is separately 
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recorded, so that any suspiciously large deviation from the mean of all may be at once 
noticed and traced to its origin in the sweeping books. My reduction was of course 
based on the means of all these (rejecting such as were obviously and grossly faulty), 
and might therefore, pro tanto^ be regarded as of superior authority. This consideration, 
joined to that before adduced, decided me to retain those places in the present Catalogue 
which had been derived from this source, except in a few instances (specified in the 
notes) when it proved, by careful examination of the causes of discordance, that^actual 
mistakes had been committed. And I must not omit to add that the comparison so 
instituted with M. Auwbrs’s results has led me to the detection of several grave errors 
in my own work which would certainly have otherwise escaped notice (and in some 
cases have caused the loss of future observations by missetting the telescope), and whose 
rectification has added materially to its value. On the other hand, as no human work 
is perfect, I have been led to notice some errors in M. Auwebs’s work itself, which are 
set down in a list of errata and corrigenda at the end of this Catalogue ; and besides, a 
good many cases in which, owing to mistakes in the printed catalogue in the volumes of 
the Philosophical Transactions (many of which stood corrected in MS. in the margin of 
the copy of those Transactions in my possession, and many more have been silently 
detected and rectified by Miss C. H. in her subsequent computations), his calculations 
have been founded on erroneous data, and have therefore led him to assign erroneous 
places to the objects so affected. Thus on every account the result has been what may 
be considered a complete expurgation of both our catalogues. 

It remains for me to say a few words on the way in which the reduction to 1860 and 
the calculation of the precessions have been performed by Mr. Kebschneb, the com- 
putist employed by the Astronomer Royal for that purpose. The whole work has been 
executed on printed forms, which being preserved may at any time be referred to. 
Since error in computation, however practised the computer, and however checked, is 
always possible, and occasional error of copying, especially when the order of the entries 
has to be rearranged, is absolutely unavoidable, I considered it incumbent on me to 
recalculate, seriatim from my original MS. Catalogue for 1830, and taking for granted 
the precessions set down in the fair copy, for 1880, the places both in R.A. and P.D. of 
every object included in the Catalogue ; keeping an eye meanwhile to the precessions 
themselves, and their signs, to Ibize the least indication of error in that quarter. It 
would have been too laborious to recompute these. As for the precessions in P.D., 
their regular progression of itself ensures their correctness, as far at least as the integer 
seconds and the first decimal place. A pretty considerable number of errors (most of 
them of little moment) was thus detected and corrected — ^not more, however, than might 
reasonably be expected in the work of the most expert computist in so extensive a work, 
consisting of between nine and ten thousand computed entries (taking both elements), 
and traceable moreover in many instances to obvious.misreading, and in some to actual 
misentry on my part, of figures in the original MS., which but for this further examina- 
tion would also have escaped notice altogether. 

The correction of these and the other errors already spoken of necessitated, in a great 
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many instances, a chan^ in the order of B.A., and a consequent erasure and interlinea- 
tion in the MS. The introduction, too, of the other nebulae (those of M. Auwebs’s cata- 
logue of “ novae,” those communicated to me for insertion by M. D’Abbest, and those 
noticed by Lord Bosse in his memoir of 1861, amounting altogether to 433 objects) 
necessitated many more interlineations, often occurring very inconveniently, two or three 
together, in a way to disiigure the MS. considerably. Unfortunately, too, in the MS. 
itself column headed No. in the Catalogue,” which I had intended to have been 
Left blank till all the rest of the work was completed, had been filled in by the trans- 
criber with a series of numbers in regular progression, from 1 to 4629, the actual num- 
ber of lines of which it then consisted. This made it necessary to renumber the whole 
ab initio in red ink, striking out the former numbers, and thus producing a still more 
unsightly appearance. Under these circumstances, I debated whether or not to recopy 
the whole. But, to say nothing of the sacrifice of time (since I could have entrusted it 
to no other hand), I believe it impossible to copy so voluminous a mass of figures and 
abbreviated writing without numerous errors. And being satisfied, from the repeated 
and careful revision it has undergone, of its present correctness, and equally so that with 
ordinary care on the part of the compositor (should the Council of the Boyal Society 
decide on printing it) no mistake can arise from any of the alterations and interlineations 
it contains, I have decided in favour of presenting it as it stands, with the exception of 
two sheets which it was absolutely necessary to recopy owing to the extreme closeness 
of the interlineations, the smallness of the writing, and the transpositions needed. 
These have each been twice carefully read with the original. 

In presenting to the Boyal Society this Catalogue, it will be accompanied by the 
following series of records and documents which it* may become desirable hereafter to 
refer to in elucidation of any point which may arise respecting the history or reduction 
of such of the objects as occur in my Father’s classes and numbers printed in the Philo- 
sophical Transactions, viz.— 

1st. A series of “ register ^ets” in which are entered up all the observations of each 
nebula or cluster copied verbatim from the sweeps, the nebuke, &c. being arranged in 
the order of their dates of discovery. These are the “ register sheets ” referred to in 
the notes on this Catalogue, and cited by their general (i. e. current) number^ as H, 1 ; 
H, 2 ; . . . H, 2508. 

2nd. A similar set of register sheets of all the observations of each of Messieb’s 
nebulae, arranged according to Messier’s numbers. 

Srd. A general index of the 2508 nebulae in classes and numbers, to find the general 
number ” of each to facilitate reference to the register sheets. (This index was drawn 
up by myself.) 

4th. An index list of the same nebulfe, &c. arranged according to the general 
number,” to find the class and. number of each. 

5th. A more complete ditto ditto, containing ^so the rough approximate B.A. and P.D. 
of each object for 1800, and the determining stars as in the Philosophical Transactions. 

6th. A catalogue in zones of P.D. of all the said nebulee and clusters arranged in each 
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2one m order of R.A., and reduced to the year 1800 by Miss C. L. Herschel, Oxhibi^ng 
the reduced result of each separate observation of each nebula ; together with the deter- 
mining star or stars in each case, and the differences of B. A. hnd F.D. from such star, with 
references to the current number of the sweep in which the observation is contained. 

7th. The original sweeps with the 20-feet reflector at Slough in which the nebuke 
were observed, contained in three small quarto and four folio volumes of MS. 

All these manuscripts, with exception of tiie index No. 3, are in the original hand- 
writings of my Father and his Sister, in most cases easily distinguishable, in some others 
not so readily. The Zone Catalc^e No. 6 is entirely the autograph of the latter* 

Explanation and arrarigement of the Catalogue. 

The Catalogue is arranged in twelve columns, of which the first contains the general 
or current number in order from 1 up to 6063, the total number of objects comprised, 
including six supplementary ones, whose insertion in their proper order in RA. would 
have involved altering all the numbering both of the catalogue and the annotations, &c., 
and would have proved a source of confusion and unavoidable error. Nevertheless, to 
prevent their being overlooked by any observer who may consult the catalogue for the 
purpose of a general review of the nebul®, or for the verification of a new one, their 
numbers are interpolated into the general series so as to catch the eye, and a reference 
made to the supplementary catalogue in each case in the column of descriptions. 

Column 2 contains the numbers of those nebulae of which observations are given in 
my two former catalogues, and those of the two nubeculae; the numbers from 1 to 2307 
inclusive being from that in Philosophical Transactions 1833, and from 2308 to 4021 from 
my Cape observations. Where a number in this column is enclosed in hooks thus [ ], it 
is taken from the Catalogue of Objects in the Nubecula minor in pp. 163 to 166 of that 
work. Where in parentheses thus ( ), from those in the Nubecula major, pp. 166 to 163. 

Column 3 contains the classes and numbers of nebulae as given by my Father in his 
three Catalogues in the Philosophical Transactions for 1786, 1789, and 1802. One only 
is omitted, viz. V. 36. It is an immense difiiised nebulosity, extending from 6** 27“ to 
6** 42“ in ll.A., and from 98® 6' to 87® 43' in P.D. A special list of these great diffusions 
of nebula is given by M. Auwers in p. 42 of the work above cited. 

Column 4 contains references to other authorities, and gives either the name of the 
first discoverer of the nebula, or a reference to the particular list or catalogue of nebulae 
which has been taiken as the authority for the place set down. The principal of these are 
— let. The list of “new nebulae” (Verzeichniss neuer Nebelflecke), in pp. 73 to 76 of the 
work of M. Auwe^ already cited. These are referred to in the following form ; — ^Auw. 
N. 1, Auw. N. 2, &c. 2ndly. Under the form D’Arr. 1, 2, &c., are given a series of objects 
contained in a MS. list of 126 nebulae, kindly commui^ipated to me by their discoverer, 
M. D’ Arrest, Director of the Royal Observatory of Copenhagen, and reduced by him to 
the epoch (1860*0) of this Catalogue, with their precessions for 1880. 3rdly. A grieat 
number of nebulae cited under the form “ R. novae,’* whose places have been approxi- 
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mately obtained from the diagrams accompanied by micrometrical measures of position 
and distance, or from more loose and general indications contained in Lord Rosss's 
paper in the Philosophical Transactions for 1861, the comparisons being in all cases 
made with those nebulse in my Catalogue of 1833 whose numbers stand annexed to 
them in column 2, with an italic letter appended, thus : — 

322, a R. nova; 319, a R. 3 novae. 

In cases of which latter kind it is intended to express merely that nebulae to the num- 
ber indicated, not otherwise identifiable, will be found on due search in the immediate 
neighbourhood of the place approximately set down. Lastly. The names of Professor 
G. P. Bond, Mr. S. Coolidqe, and Mr. J. T. Safpoed in this column of the supple- 
mentary list of nebulae refer to the places of nebulae and clusters in a list of objects of 
that description discovered at the Observatory of Harvard College, obligingly commu- 
nicated to me by Professor Bond, Director of that establishment, too late for their intro- 
duction into the body of the Catalogue. 

Besides these references, in which the places set down have been adopted from the 
catalogues above mentioned, column 4 also contains synonyms or identifications of 
objects observed by myself with those contained in Messier’s lists communicated to the 
French Academy, or to the Connoissance des Temps for 1783 and 1784. These are 
cited by the number they bear in Messier’s own list, thus, M. 1, M. 2, &c. They have, 
with very few exceptions, been observed and described by myself or my Father, and their 
places here set down are given as results from our observations. In the few excepted 
cases they are taken from M. Auwers’s catalogue already spoken of. The nebulae also 
whose identity has been (sometimes satisfactorily, but for the most part very doubtfully) 
made out with objects in Mr. Dunlop’s Catalogue of Southern Nebulae, are indicated by 
the letter A, thus, A. 169, &c. In a few cases, chiefly those of nebulous stars, planetary 
nebulae, or very star-like objects, which have been set dowH as stars in catalogues of 
authority ; these are also referred to by name and number in column 4. 

Many of Mr. Dunlop’s nebulae are contained in Lacaille’s catalogue, as also some of 
Messier’s, but of that catalogue two objects only, not so identifiable, viz. Nos. 38 and 
40 of M. Auwers’s catalogue of Lacaille’s nebulae, have been considered as definitely 
enough described (nebuleuses sans etoiles) by that astronomer to be inlcuded in the 
present Catalogue. 

Column 5 contains the Right Ascension in time for 1860*0 of each object in the 
Catalogue. When this is given to decimals of seconds, it is to be understood as having 
been brought up from the mean of the observations given in my former Catalogues, or 
from the mean of those (where not observed by myself) in Miss C. Herschel’s Zone 
Catalogue above mentioned ♦. When the R.A. is given only to the nearest minute or 
degree, it will of course be understood that the place is too loosely determined to render 

* In some cases a careful subsequent revision of thn catalogued observations aerial has necessitated altering 
these II.A.’8 by a few decimals of a second (seldom more) after proceee of reduetidm to 1860. In all such oases 
the alteration has been applied a$ a eorreetion to Mr. Exbscbvsb’s figures, so as not to disturb the amounts of pre* 
cession allowed — a procedure perfectly legitimate and productive of no error. The same remark applies to col. 8. 
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further precision of statement other than illusory. This is the case with the greater 
part of those set down as R. novae.” 

Column 6 contains the precession, in seconds and decimals, in RA. for 1880*0. 

Column 7 contains the number of observations in R. A, which have been actually used 
in concluding the R.A. for 1830, from which that for 1860 has been computed. In all 
cases (unless where the contrary is especially indicated in a note, or otherwise as by the 
letters B. A.C. or A.S.C., Au., &c. inserted in place of a number in the column itself — ^which 
indicate that the R.A. is that of a star in one of those catalogues, or rests upon that 
other authority), the observations used for all objects included in my former catalogues 
are brought up from the data there registered, to the exclusion of all others ; and in 
such cases (the vast majority) no parenthesis or other distinctive mark is applied. When, 
however, no satisfactory R.A. is there recorded, or when the R.A. is there expressly 
stated to have been set down from the “ working list,” the R.A. adopted is that brought 
up from the Zone Catalogue of C.H., and in such cases the number of observations 
used is enclosed in parentheses ( ). Dots attached (:) indicate some uncertainty in the 
R.A. ; (::) a very considerable doubt, extending, perhaps, to a whole minute ; 1 and 
express still wider limits of uncertainty. In those nebulae of my Father’s catalogues 
which have no number corresponding in column 2 (indicating the absence of any obser- 
vations of my own), the places set down both in RA. and Declination are tSiose brought 
up from the Zone Catalogue of Miss C. H., and the numbers of observations on which 
they rely are set down in the appropriate column without any parenthesis or distinctive 
marks, the absence of any number in column 2 being a sufficient indication. In the 
case of M. D’Arrest’s nebulae, the numbers in column 6 enclosed thus [ ] indicate the 
number of his observations of the nebula employed by himself to give the place. 

Columns 8, 9, and 10 contain, in like manner, the North Polar Distance for 1860, the 
precessions for 1880, and the numbers of observations used for P.D. in the case of each 
object ; and the same remarks apply to these as to columns 6, 6, and 7. 

In column II is given a short description of the nebula or cluster in abbreviated 
words, made out from an assemblage and comparison of all the descriptions of each 
object given in my Father’s and my own observations. As regards the former, recourse 
was had, not to the printed account in the Philosophical Transactions (which gives only 
a single description), but to a series of manuscript sheets in the nature of a Register 
(and as suck cited in the notes which follow this Catalogue), into which have been trans- 
cribed, verbatim^ from the original sweeps, all the descriptive parts of each and every 
observation of each cluster or nebula in the order of their dates, and the data for com- 
puting their places, derived hrom the sweeps by applying the index and clock correc- 
tions pertaining to each. In this Register the nebulsg are entered, each vnth its class 
and number, ami each on a separate sheet ; the whole series being arranged, however, 
not in the order of their classes and numbers, but in the order of the dates of their 
discovery, &om No. 1, corresponding to October 28, 1783, to No. 2508, corresponding to 
September 30, 1802. Of these, the first 2500 only are included in the catalogues com- 
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municated to the Royal Society ; the other 8 are printed in the form of aii Appendix to my 
Cape Catalogue, in p. 128 of the “ Results of Observations,” &c. A similar and separate 
Register in sheets has been kept for my Father’s observations of Messieb’s nebttks, and 
these have in like manner been collated with my own observations of the same objects 
in framing the ultimate, or, as it may be termed, the average description of each. 

In making out these descriptions, it was found to a certain d^ee practicable, in the 
particulars of brightness, size, and extension, to make a kind of arithmetical approxima- 
tion to a mean conclusion, by arranging the degrees of brightness, &c. in a progressive 
upward scale from 1 to 10, and taking a mean of these numbers in each case, as indi- 
cating the designating words to be finally adopted. Thus, taking the extreme degree of 
faintness when a nebula was declared to be “ excessively faint,” or “ barely visible,” or 
“hardly more than suspected” for 1, and “extremely” or “excessively bright” for 10, 
the intermediate degrees, such as very faints faint, considerably faint, pretty faint, 
pretty bright, considerably bright. Bright, very bright, were denoted by the intermediate 
numbers 2, 3, 4, 5, 6, 7, 8, 9 ; and similarly for the scale of sizes, exchanging the words 
Small and Large for Faint and Bright. In the case of extension, the scale 1 to 10 was 
supposed arranged in the order, Bownd, very little extended, elliptic or oval, considerably 
extended, prefty much extended, much extended, very much extended, extremely extended, 
or a long ray. It is obvious that the qualifying words, such as “ pretty” and “ consider- 
ably,” admit of a good deal of latitude of interpretation, and that, in reference to bright- 
ness or faintness, greatness or smallness, their meaning is rather relative than absolute ; 
and especially, that as between bright or faint, and “ considerably bright” or “consider- 
ably faint,” for instance, there is so little real distinction of an absolute kind, that it is 
impossible to say which is to be accepted as indicating the superior degree. In the case 
of extension there is the same indistinctness as to precedence between the qualifying 
phrases “ considerably” and “pretty much.” Nicety, however, in this respect would be 
misplaced, when it is considered that when several descriptions of the same nebula, 
observed at different times, come to be compared, they can hardly ever be reconciled 
except by allowing to each qualification a latitude of meaning extending over several 
degrees of our arbitrary scale. In many instances, indeed, the discordance, or rather 
contradiction is so great, as to authorize a strong suspicion of variability in the object 
itself. In a few cases where, from the low altitude of the object in England, coupled with 
corresponding discordances of description, it was evident that it must have been seen to 
much greater advantage from the Cape station (as, for example, in that of h. 3376 = H. 
III. 754), additional weight has been attributed to the Cape observations. 

In the descriptions, I have found it absolutely necessary to abstain from any specifi- 
cation of the estimated sizes ofrnebulm or clusters in angular measure. Ip comparing 
estimations of this kind I find the discordance so great, and (to spealAnly of my own 
practice) so little evidence of adherence to any definite standard of estimation, that 
nothing but confusion would have arisen from introducing suph estimates. Never- 
theless, as in the use of such a catalogue as the present some guide is necessary for the 
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observer, to edvertise him of what sort of object he may expect to see, the following 
scale may be taken as conveying a general idea of the magnitudes intended by the con- 
ventional words used. Thus, a round nebula of 8" or 4" in diameter would be called 
extremely small ; 

one of 10" or 12", very sfnall; 

20" or 30", smallf or considerably small ; 

60" or pretty small, ox pretty large; 

3' or 4', considerably large, or large ; 

8' or 10', very large; 

20' and upwards, extremely large. 

In estimating clusters of stars (that is to say, of well separated and scattered stars) a wider 
acceptation must be understood, so that, for instance, a cluster of only 1' in extent would 
be considered extremely or very small ; one of 15' or 20' large, and one of 30' or 40' very 
large. This amplification of scale, however, must not be held applicable to those 
resolved or resolvable clusters of a “ globhlar ” character marked in the descriptions 
as 0, which must be understood as belonging to “ nebulae ” and not to “ clusters,” so 
far as the conventional terms used in the descriptions are concerned. I should observe 
also, that when in making out the average appropriate phrase in size I have found any 
extravagant discordance between the estimate in words and that in figures, as, for 
instance, where a nebula has been described in words as very large, and the diameter 
then set down as 2', a compromise has usually been made, and the word modified, as, for 
instance, to large or considerably large. 

The abbreviations employed in the column of descriptions and elsewhere, in the notes, 
&c., are as follows : — 

ab. about, 

aim. almost, 

am. among, 

app. appended, 

att. attached. 

Auw. Auwers. 

A. S.C. Astronomical Society’s Catalogue, 

b. brighter, 

bet. between. 

biN. binucloar. 

bn. brightest towards the north side, 

bs. brightest towards the south side, 

bp. brightest towards the preceding side, 

bf. brightest towards the following side. 

B. Bright|^ 

Br. Brisbane (Sir T.’s) Catalogue of Stars. 

Bo. Bode. 

B.A.O. British Association Catalogue. 

0 . considerably. 

00. coarse, coarsely. 

C2 


ch. chevelure. 

com. comctic. 

cont. in contact. 

C. Compressed. 

Cl. cluster. 

C.G.H. Resiilts of observations, &c. at the Cape of 
Good Hope.” 

C.H. Miss Carolina Herschel. When it occurs in 

column 4 it indicates that the object was 
discovered by her. 


d. 

diameter. 

dist. 

distance. 


distant. 

dif. 

diffused. 

diffio. 

di^cult. 

D. 

double. 

D’Arr. 

D’Arrest. 

A. 

Dunlop. 

def. 

defined. 

e. 

extremely. 
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ee. excessively, 

er. easily resolvable, 
exc. excentric. 

E. extended. 

t. following. 

P. faint. 

g. gradually, 

gr. group. 

H. Sir William Herschol. 

h. Sir John Herschel. 

h. o.n. list of omitted nebulte in C.G.H, 

i. irregular, 

inv. involved. 

involving. 

iP. irregular figure. 

I. little (adv.). 
long (adj.). 

L. Large. 

Lac. LacaiUe. 

Lai. Lalande. 

Lass. Lasscll. 

m. much. 

mm. mixed magnitudes. 

mn. milky nebulosity, 

mon. monograph. 

M. Middle, or in the middle. 

M. (in col. 3) Messier. 

Mess. Messier. 

n. north, 

neb. nebula. 

np. north preceding, 

nf. north following, 

nr. near. 

N. nucleus, or to a nucleus. 

O. omitted. 

ON. omitted nebula, 

p. preceding. 

p. pretty (before P, B, L, 8, <kc.). 

pg. pretty gradually, 

pm. pretty much, 

ps. pretty suddenly. 

P. poor. 

Pi. Piazzi. 

P.T. Philosophical Transactions, 

quad. quadrilateral, 

quar. quartilo. 

r. resolvable, barely (mottled as if with stars). 




rr. partially resolved — some stars visible, 

rrr. well resolved — clearly seen to consist of stars. 
R. round. 

ER. exactly round. 

R. nova. New nebula discovered by Lord Rosse. 

R. MS. Manuscript notes furnished by His Lordship. 

Ri. Rich. 

R. Tlio Earl of Rosse. 

s. suddenly. 

8. south, 

sp. south preceding, 

sf. south following, 

sc. scattered, 

st. s stars, 
sev. several 

snap. sulpected. 

sh. shaped. 

stoU. stellar. 

S. small, 

sm. smaller, 

sw. sweep. 

X. Struve. 

tri-N. tri-nuclear. 

trap. trapezium. 

V. very. 

w. an intensive of v. 

var. variable. 

W. H. Sir W. Herschel. 

Besides these abbreviations of words, the following 
arbitrary signs are used. 

• a star; *10 a star of the 10th magpiitudo. 

** a double star ; J* a triple star. 

! a remarkable object ; ! ! very much so ; ! ! ! a magni- 
ficent or otherwise exceedingly interesting object. 

? doubtful ; ?? very doubtful, either as to accuracy of 
place or reality of existence, according to the column in 
which it occurs. 

; , : : , see explanations already given. 

A a triangle. Forms a triangle with. 

0 a globular cluster of stars. 

O a planetary nebula, 
an annular nebula. 

st. 9 Stars from the ninth (or other) magnitude 

downwards. ^ 

st. 9 .... 13 Stars from the ninth down to the Idth 
magnitude. 


As examples of the interpretation and expansion of these abbreviations some examples 
are subjoined. 
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Ex. 1. pB; vL; vg, vsmbMNlS"; pmE162®*3; “pretty Bright; very Large; at first 
very gradually, then very suddenly much brighter in the middle to a nucleus 15" in dia- 
meter ; pretty much extended — the position of the longer dimension micrometrically 
measured 162®‘3 (i. e. reckoned from the north round to 162®*3 in the direction nfsp).” 

The angles of position in all cases are to be understood as so reckoned. When deci- 
mals of degrees are annexed (or if integer, written decimally thus 151®*0), they have been 
micrometrically measured. If thus, E 0® or E 46°, E 90°, they mean only in or near the 
meridian, or parallel or oblique to the meridian from nf to sp, &c., as the case may he. 
If with a + annexed, the position is from a more or less careful estimation. 

Ex. 2. R; psbM ill def O; pB*10 125°*4, 70"; “Round, pretty suddenly brighter 
in the middle to an ill-defined planetary disc ; has a pretty Bright star of the 10th 
magnitude, whose position measured from the centre of the nebula is 125°*4, and 
whose distance also from the centre is 70" by estimation.” 

The relative situations of neighbouring stars or nebulae are inmrioihly to be understood 
as thus reckoned, i. e. taking the centre of the nebula or other object described as a 
starting-point or origin of angle or distance. Thus S*s will mean that a small star is 
south of the nebula^ #np nr that a star is near the nebula in a north preceding direction 
from it ; **4*f, 3'n, that a double star follows the centre of the nebula 4 seconds of time, 
and is 3' to the north of it. 

Ex. 3. Cl; pRi; pmC; L; st6, 10 ...15. “A cluster; pretty rich; pretty much 
compressed ; Large ; consisting of stars one of which is of the 6th, and the rest from the 
10th to the 15th magnitudes.” 

Attached or vicinary stars or small nebulsB are always placed at the ends of the descrip- 
tions. Thus 0sf means that the nebula described “ has a globular cluster following 
and to the southward of it.” When, however, the description of a cluster ends abruptly 
thus, it is to be understood that “^he place taken is that of a conspicuous double 
star.” 

The 12th column of the Catalogue contains the number of times that each nebula has 
been observed by both my Father and myself, whether its place were taken or not, com- 
prising all the cases in which the object has been seen, and whether described or not. 
Since attention has been drawn to the real or supposed variability of nebulas, and since 
it can hardly be doubted that comets have occasionally been observed as nebulae, this 
enumeration is not without its importance. In this column the abbreviation “ mon ” 
occasionally occurs. In such cases the nebulas have been so often and diligently observed 
for the purpose of exact delineation or “ monographing,” that a special enumeration of 
the observations would be impossible .or useless. 

Finally, fit the end of the line allotted to each nebula occur occasionally one or both 
of the marks * and f. The former refers to the notes appended to the Catalogue, the 
latter to the list of figured nebulas in which the publications wherein are contained 
figures of the nebulee are referred to by plate and figure— those at least which seem 
entitled, in the present state of astronomical instrument-making and pictorial represented 
tion, to be pointed out to the observer as conveying any idea of their appearance. 
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Notes on the Catalogue. 

No. 

12 h. 6. D’Ayrest says, “ h. II. positio certe erronea,” but gives no indication of the 
correction required in K.A. or P.D. 

29 h. 13; II. 241=11. 243. In P.T. the determining # is omitted, and in the state- 
ment of the places of these nebulse, as well as of II. 239, 240, 242, and III. 199, 
there is much confusion, for the correction of which see the list of errata sub- 
joined. Auwers has threaded the intricacies of this maze with singular felicity, 
but has been misled in the case of II. 243 into assigning to it a totally erro- 
neous place (22‘‘ 48” R.A., 73® 37' P.D. 1830), and, in consequence, has not per- 
ceived its identity with II. 241. 

78 II. 3. Auwers makes the P.D. of this neb. (1830)= 99® 32', from P.T., which 
places it 2°+ ^ of 17 Ceti. C.H. makes it 1° 5j.' n of the same star, or for 1830, 
99° 42'. In fact H. has two observations of it, neither of them more than eye- 
drafts with neighbouring stars, and the P.D. is concluded graphically by C.H. 
from these diagrams. 

88 III. 876. The P.D. of Auwers (81° 16') is 1° wrong. The place given in P.T. is 
1° 43' n of 51 Piscium ; so also in Register (H. 2296). 

119 Auw. N. 4=D’Arr. 6. The place given is that brought up from D’ Arrest’s obser- 
vations, the R.A. being set down only roughly in Auw. 

132 h. 57= V. 20. Once looked for by Lord Rosse and not seen. Having been 
ob.serv’ed both by H. and h., there can be no doubt of its existence. 

138 h. 61 =h. 2345= V. 1. In h.’s sweep 733 the position reading is set down as 
324°*5. This is in contradiction with a diagram made at the time, and is an 
obvious mistake for 234°*5, which =180°-|-54°’5, agreeing well with the dia- 
gram and with 2 obs. of W.H., in both of which it is described as “ w/’to 
There is also an erratum in the C.Gr.H. Catal., /hr 143°*8 read 144°*6, since 
324-5-180=144-5. 

145 h. 64=11. 621=11. 703. Auwers remarks that A Ceti, the determining star of 
W.H., does not exist; but C.H. has perceived this, and by using another deter- 
mining star (13 Ceti, sw. 766, W.H.), has fixed the place of the nebula II. 703 
for 1800 at R.A. 0** 37” 47% P.D. 93° 53' (=93° 43', 1830), thereby identifying 
it with II. 621. Auwers, using a conjectural star, sets down the P.D. erro- 
neously as 92° 52' (1830). 

165 h. 2356. This is the main body of the nubecula minor. 

169 h. 2359. A complex object with several nuclei. There is nn erratum in the R.A. 
set down in C.G.H. as resulting from sw. 488, /or 46“ 12**1 read 47™ 12*'l. 

177 79, Oj h. In Lord Rosse’s diagram, a=h. 79, /3=h. 78, ysrnova, accidentally 
omitted in the body of the Catalogue, but inserted as No. 5058 at the end. 
The whole Catalogue having been finally numbered before the omission was 
detected, it ^uld not be inserted in its place. ) is a star; 79, a. 
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178 h. 4007, 4008* 4012. In the Catalogue of C.Q.H. these nebulae are placed 

179 ■ erroneously in the 23*» of R.A., owing to a mistake of a whole hour in 
196] reducing. 

202^ 

203 These constitute the group laid down by Lord Rosse as seen in and about the 

205 places of h. 84, 86, 86, viz. his a, /3, y, i, e, Of these, a is No. 202 =h. 84 ; 

206 /3=No.203==h.85; y=No.206=h.86 ; y'=No.205=86,a; i=No.209=86,6; 

207 6=No.208=D’ALrrestNo.l0; ^=No.207=D’Arr. 9, and ^=86,c. In the MS. 

208 notes furnished me by Lord R. it is stated that a=h. 84, |3=h. 86, and ^=h. 86. 

209 The latter identification, however, is incorrect. 

210 ; 

214 h. 88=1. 54. This is not the 1. 64 of the P.T., which proved to be one of 
Messier’s nebulae, but Mother subsequently inserted by W.H., so as not to 
break the order of the numbers, as appears from a MS. correction in P.T., and 
from Register (H. 670). 

These constitute Lord Rosse’s group seen in or near the place of h. 103, and 
marked in his diagram as A, /3, i, g, and another unlettered (which call y). 
These I identify as follows: — ^A=No. 276 = h. 103; /3=No. 277 = 103, d; 
y=No. 275=103, a; ^=No. 280=103, c; and g=No. 290=103, d. 

297] In reference to M. Auwers’s remark on the nebulae 170, 171, as also 167, 168 
311 (H. class III.), after very careful examination of all the data, I can arrive at no 

317 ► other conclusion than that embodied in the present Catalogue under these Nos,: 
319 h. 118 is certainly not III. 171, neither is h. 120. Both places and descriptions 
326 j disagree. 

313) h. 119 was taken for III. 656, but no R.A. was obtained, that set down being the 

314) R.A. brought up from C.H. The descriptions differ so materially, especially in 
the particular of extension, that they are most probably distinct nebulae. 

330 h. 124= VII. 48. Auwers remarks in his ‘ Verbesserungen zu A,’ that this cluster, 
h. 124, is not nova, but VII. 48. This is correct. Re-examining sweep 216, I 
find an error of 1° committed in reducing the P.D. 

368 This is not in M. D’ Arrest’s final list, communicated to me in MS. ; but being set 
down by M. Auwers as No. 15 in his ‘ Verzeichniss neuer Nebelflecke,’ I felt 
bound to retain it. 

418 h. 160=h. 2442=1. 62. This nebula, though set down by W.H. as of the 1st 
class (». e. as a bright nebula), could not be seen by D’ Arrest with the Leipzig 
Fraunhofer of 6-feet focus and 4J inches aperture. It is marked in this Cata- 
logue, however, l>y a mean of 4 observations, only as “ F.” 

428 66 Andromedae. Although this star has been eight times examined by Lord Rosse 
without perceiving any nebulous atmosphere, yet as my observation is corrobo- 


275 

276 
277- 
280 
290 ^ 
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No. 

rative of Fiazzi’s designation of it as ** Nebulosa,” it is retained for occasional 
future examination. 

442 |h. 169, n. 221. The places agree almost exactly, but the descriptions are irre- 

444) concileable. One makes the nebula round, the other much extended. They 
are therefore almost certainly distinct nebulae, and there is therefore probably 
some error in the RA. of 11. 221. The neighbourhood is rich in nebulae (see 
the next note, however). 

442 ^ 

444 In Lord Bosses diagram of the group about h. 169, assuming ot to be h. 169 

445- =No. 444, the others will be |3=No. 446 = 169, a; y=No. 446=169, 

446 a=No. 447=169, c; and <=11. 221. 

447j 

462 h. 179=60 Cassiopeiae. Retained in the Catalogue for future occasional obser- 
vation. Nothing can be more difficult than to verify or disprove the nebulosity 
of a considerable star under ordinary atmospheric circumstances. 

472 h. 184=111. 583. Though Lord Bosse on one occasion did not find this nebula, 
its existence cannot be doubted, having been found by h. nearly in the place 
assigned by C.H. 

487 h. 193=1. 162. M. D’ Arrest foimd this nebula too faint for observation vidth the 
Leipzig refractor, though placed by W.H. in Class I., and standing in this Cata- 
logue (from a mean of 3 observations) as a “ bright ” nebula. 

501 h. 204=111. 604. C.H. and Auwers make the B.A. 1” less. Both H. and h. rely 
on single observations. Sweep 188 h. examined and reduction found correct. 

610 h. 206=111. 457. Not found by Lord Bosse; once looked for. See notes on 
Nos. 472 and 132. 

616 h. 210=11. 246. Singularly enough, h. and H. 5re at issue about the two adja- 
cent stars, h. makes the stars south of the nebula; H., on the contrary, places 
the nebula south of the stars, and says expressly that both this nebula and 
111. 201, observed just previously, were similarly situated with regard to their 
attendant stars. Now in h. s obs. of 111. 201 (No. 613) the attendant star is 
stated to be sf the nebula, and in that of 11. 246 the larger of the two stars is 
south and only a very few degrees preceding. 1 believe the error to lie on the 
side of the older observations, as 1 have a diagram of the small star nearer to 
11. 246, sf, which shows that 1 made no mistake of n and s. 

636 1. 163. Auwers makes the R.A. for 1830 1** 28“ 46% whereas C.H. makes it 
2 h 15 m 'pjjg cause of the discordance lies in an erratum in P.T. (see list 
of errata). In C.H.’s reductions the error is corrected, and I find the correc- 
tion verified on reference both to the Register (H. 148*8) and the original sweep 
(sw. 696). The nehvikL follows (not precedes) the determining star. 

549 h. 226 = 1. 154. Auwers makes the B.A. of this for 1830, 2^ 23“ 8”; C.H. 
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2^ 20“ 67*’8, by the observations in different sweeps differing only 18* in RA. 
The latter is the more correct ; so that M. Auwers’s remarks on this nebula 


are not confirmed. The cause of the disagreement lies in a misprint in P.T. 
(See List of Errata.) 


567' 

558 

559 
561, 
663 , 


In Lord Rosse’s description of this group, a=:No. 657 =h. 231 ; /3=No.563=h.234; 
y=No. 558=231, a ; i=No. 559=231, b. The other nebula, “ about 12' south 
following,” is probably No. 563 =h. 234. No. 561 =h. 233 seems to have escaped 
notice. 


571 h. 240=11. 238=111. 198. C.H. has overlooked or omitted an obs. of W.H. of 


III. 198 in sw. 574, which, referred to, confiims Mr. Marth’s surmise that the 


nebulffi are identical. 


673 II. 6. This was probably really a comet, as indicated by its description, having 
been subsequently looked for and not found. 

574 h. 244=1. 102. M. D’Arrest found this nebula, when observed with the Leipzig 
refractor of 4^- inches aperture, inferior to a 1st class nebula. In this Cata- 
logue, from a mean of 5 observations, it ranks as “ considerably bright.” 

591 h. 258=1. 1. M. D’ Arrest found this nebula, when examined with the Leipzig 
refractor, not entitled to rank above the 2nd class. With this our present 
Catalogue agrees, it being set down from a mean of 8 observations as “ pretty 
faint.” 


614 This nebula of Bessel was also looked for and not found by D’ Arrest, who there- 
fore supposes it to have been a comet. 

636 h. 280=11. 502. II. 502 is described by H. as cS; F; stellar. Either then the 
identity is doubtful, or some change must be suspected. The place, however, 
agrees well. 

639 h. 281=IV. 43. Once looked for by Lord liosse, but not found. (See notes on 
134, 472, 510.) 

646 h. 284=111. 578. The same remark. Twice looked for unsuccessfully by Lord 
Eosse. On one occasion clouds were passing. 

664) In Lord Rosse’s diagram of this pair and the neighbouring stars y and i, the figure 

655) is in contradiction with the measures. The position of «y, instead of 2®, should, 
I presume, have been stated thus, y«=178°, or, which comes to the same thing, 
ay= — 2®. This has been assumed in deducing the place of No. 655=289, « 
from No. 654 =h. 289. 

666 h. 291=111. 591. H. makes this nebula to be the nf of two, but both those of 
h. the sf. 

674 h. 293=11. 603. H.’s description is pB; stellar; a pc# with eS, vF chevelure. 
The place, however, agrees well with that of h. 293. 

684 III. 196. Auwers makes the R.A. (1830)= 3** 11“ 50* and C.H. 6^ 10“ 13*; but 

MDCCCLXIV. D 
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a misprint in P.T. (see list of Errata) accnunts for the difference'of the minute 
at least. 

708) 111. 959; 1. 60. The catalogued places contradict the described position sf and 

709) np ; but this is owing to the error in R. A. of I. 60, which D’ Arrest makes less 
by 40", which would place I. 60 at 3** 19“ 35“ (1860). 

710 Au. N. 17. The discovery of this nebula is attributed by Au. to Schonfeld in 
1858, but it seems to be identical with that described by Tuttle (Astronom. 
Notices, xix. p. 224). Auwers’s place is prefeiTed, Tuttle’s being only apprcnd- 
mate. 

768 Au. N. 18. The celebrated variable nebula of Tempel, discovered Oct. 19, 1859. 

774 II. 594. Auwers considers this as identical with II. 548, with 1® mistaken in P.D. 

778 h. 309=1. 155. Auwers makes the R.A. of T. 155 for 1830=3** 53“ 33“, destroy- 
ing the identity of these two ncbulse. But his place is deduced from an erro- 
neous entiy in P.'!'. (see List of Errata). C.H., by 2 observations in sweeps 
608,* 638 agreeing to 3“ in R.A. and 2' in P.D., gives a place which, brought 
up to 1830, gives R.A. 3*‘ 37“ 58*; P.D. 94° 29' 7". 

810. h. 311= IV. 69. M. D’ Arrest found the nebulous atmosphere around tlie central 
star of this nebula very conspicuous with the Leipzig 4^-inch refractor. 

826 h. 2618=IV. 26. D’Arrcst’s R.A. is preferred, that of h. 2618 being clearly 
shown to be erroneous. 

836 II. 464. The P.D. is given by W.H. as the same with that of 44 Eridani. 
C.H., using an erroneous place of this star, makes the P.D. 5' too small 
This is here corrected, and the result agrees with Auwei*s. 

839 Auw. N. 20. This is the remarkable variable nebula discovered by Mr. Hind on 
Oct. 11, 1852. M. D’ Arrest testifies to its complete disappearance on the 3rd 
and 4th of Oct. 1861, “ Hujus nebulae .... ne umbram quidem detegere valeo.” 
— “ C<elo serenissimo regionera summa cura perlustravi adjuvante Dr. Schjel- 
lerup. Nebula reverd deest.” (In 1855 and 1856 it was found by M. D’ Arrest 
within 2' of Mr. Hind’s original place.) On Dec. 29, 1861, it was seen by 
' M. Otto Struve with the great Pulkowa refractor, but so excessively faint as to 
be barely within the power of that instrument. On March 22, 1862, with the 
same telescope, it was again seem, but considerably brighter, so as to bear a 
hunt illunounation of the wires. 

851 h. 314=111. 587. Not seen by Lord Rosse, once l(»oked for, clouds passing. See 
notes on Nos. 639, 646, &c. 

880 h. 822. The bright star preceding is p Eridani. 

908 h. 333=11. 547. Not seen by Lord Rosse, once looked for. See notes 132, 
472, &c. 

926 h. 335. Erroneously identified in my Catalogue of 1838 with IIL 453 (No. 981). 
See the note on that nebula. 
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No. 

963 h. 341 =iy Arrest 48. Observed bjr him as “nova,” but since recognized as 
unquestionably =:h. 341. 

970 Vin. 48. Auwers makes the P.D. of this cluster for 1830 =66"* 25*, which is 
incorrect. The determining star is 109, w, Tauri, the cluster being 1® 29' north 
of the star. This would give 66** 39* for the P.D. for 1800, agreeing with 
C.H., and 66® 36* for 1830. 

976 h. 343. A very large diffused nebulosity, distributed in zigzags. This has been 
looked for seven times by Lord liosse and not found. Its existence is therefore 
very doubtful. 

979 h. 2709. The place graphically determined by measurement of a diagram, as 
compared with h. 2710. 

981 III. 453. This was erroneously identified with h. 336 in my Catalogue of 1833. 
By an unlucky coincidence, its place per working list, roughly brought up from 
C.H., agreed so well with the latter nebula as taken in sw. 322 (h.J, that it was 
unhesitatingly assumed to be the same. It appears, however, that in C.H.’s 
reduction an error of 10“ in R.A. has been committed, the star of comparison 
being 10 Orionis, and the nebula the star by 6“ 7" (as ascertained by 

reference both to the register sheet (H. 1160) and the original swecp(sw. 462, H.)). 
M. Auwers, misled by my erroneous identification, has assumed that the nebula 
must have preceded the star, which would (nearly) account for the difference, 
and in consequence, his R.A. of this nebula is 10“ too small. C.H.’s error 
probably arose from misapplying in like manner the sign of the A. R.A. 

998 III. 268. Auwers’s R.A. (4^ 57“ 23% 1830) is adopted in preference to 5*' 0“ 28*, 
that brought up from C.H. to the same epoch. In the sweep 367 (H.) three 
stars of comparison are given, 68 Eridani, u Leporis, and 19 Leporis. The 
A. R.A. of a and 19 comes out correct, but that of 58 &om each is wrong by 
3“ 5”, so that the star must have been mistaken. C.H. has used 58 and ee, and 
has rightly brought out the place of the nebula by the former (the wrong star), 
and wrongly by the right one ; and by an odd coincidence the two results agree 
well, though both wrong. 

1030 h. 349= VII. 4. Described by D’ Arrest as “ Ein Ausserordentlich reicher Hauf,” 
an extraordinarily rich cluster. 

1133 h. 366. Looked for four times by Lord Rosse, in two of which the sky was 
fimcied to have a milky appearance. 

1138) h. 2841. Double nebula. In my Cape Catalogue, sweep 638, /or “first” and 

1189) “second” read “larger” and “smaller.” The smaller is sp. The position 
260® is right. It is very remarkable that in sweeps 508, 622, 668, and 761 the 
smaller of the two was not noticed. Is it vanable ? 

1167 III. 747. Auwers makes the P.D. 8^ 20" greater. It is difficult to identify the 
determining star used by C.H. 

D 2 



20 


SIB J. P. W. HERSCHEL’S CATALOaUE 


No. 

1165] h. 2866, 2867, 2868, 2869. 16"*2 added to all the R.A.’s of these nebulae in the 

1168 ’ Cape Catalogue to compensate an error detected in sw. 638. The correction is 

1171 deduced from a comparison of the diagram fig. 20, PI. VI. C.G.H. with the 

II 74 J place of No. 1171. 

1179 h. 360, 3“‘3 added to h.’s P.D. to bring it to the place in B.A.C. 

1180 V. 30. The place of V. 30 corrected by +3-2 in R.A. and +26' 45"-4 in P.D. 

to bring it to the place of (/ 42 Orionis in the B.A.C. 

1183 h. 361=V. 31. h.’s place corrected by +0-4 in K.A. and -0' 27"*2 in P.D. to 
bring it to that of / 44 Orionis in B.A.C. 

1185 III. 1. n There are two observations by H. of III. 1, but they differ enormously. 
One agrees with M. 43. The place of M. 43 is corrected to agree with its 
place in the Catalogue of Stars, &c. in the great nebula in Orion, C.G.II. p. 28. 

1191 Chacomac’s recently discovered nebula. Place from Moigno’s “les Mondes,” 
No. 9, p. 241. 

1196 III. 269. Auwers gives as the R.A. of this nebula for 1830 6*' 27” 57*, which is 
mistaken by 1*’. The Philosophical Transactions says that it precedes 19 Leporis 
by 32"* 23®, and that this is no misprint appears from C.II.’s reductions. 

1226 IV. 24. Annular according to Lord Rosse. 

1287 III. 270. Auwers places this nebula in R.A. 6’* 40” 20*, or an hour too late. Its 
place is very distinctly settled by two determining stars, a Leporis and 19 Leporis, 
the former of which it followed by 15” 4®, and preceded the latter by 20” 0*. 

1425 h. 393= IV. 3. Lord Posse’s account of this nebula is extremely remarkable. 
“This h. 393,” he says, “is an enoimous nebulosity which I have traced f and 
n of it to a great distance — some degrees. It narrows at times to a band across 
the finding eyepiece about 6' or 8'.” 

1440 h. 401= V. 27= VIII. 6. Retained as a cluster, though but a poor one. Nine 
times examined by Lord Rosse for nebulosity, but none seen. 

1452 III. 271. Auwers places this nebula in R.A. 3” 35®, P.D. 76® 21' (1830). There 
has been some mistake. III. 271 is stated to follow 8 (j» 3) Canis, 8” 0®, and to 
be 4' n of that star, which gives a place agreeing with C.H. and with the present 
Catalogue. 

1464 h. 441 =M. 41. This nebula was also observed by Flamsteed. 

1455 In LordRosse’s diagram of this group, u is No. 1467=h. 410 ; /3=No. 1456=410, a; 

1466 y=No. 1456=410, b; i=No. 1458=h. 409; and «=No. 1460=410, c. But 

1457 some suspicion seems to have arisen that the principal nebul® observed were 

1458 not really h. 409, 410, but h. 406, 407. In that case the identification will 

1460 stand as follows : — 

«=No. 1448=h. 406. 

P=h. 406-6-2 in R.A., and -1' 25" in P.D. 
y=No. 1449=h. 407. 
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i =:h. 406+1-6 in R.A., and -6' 6" in P.D. 

I =h. 406+14-7 in R.A., and -6' 2" in P.D. 

1480 h. 423. This nebula is entered by C.H. as VIII. 1. B, with a remark “ not in print” 
1608 h. 439= VI. 6. The R.A. is nearly 2” in excess of C.H. and of Auwers. 


Examined sweep (h.) 393 in which it was observed. Pound all clear and 
correctly reduced. 


1527) 

1528 

1530 

1531, 


Compared with Lord Rosse’s two diagrams of the nebul® composing this group. 
None of them arc “novae.” a=h. 449; /3=h. 448; y=h. 447; J=/3; e=y; 
^=h. 446. 


1533 VIII. 44. Auwers’s P.D. is 84“, instead of 82°, owing to an erratum in P.T. (See 
List of Errata.) 

1578 h. 468=111. 479. No nebulosity seen by Lord Rosse in 5 observations. In H.’s 


single observation the nebula is “ suspected,” and in those of h. it is not posi- 
tively ascertained. The object seems therefore to be merely a small resolved 


cluster of vFst. 


1694. M. 47. Auwers assigns a RA. greater by 4"*. The cluster has not since been 
observed. It is probably a very loose and poor one. 

1611 h. 480= VI. 37. h.’s P.D. corrected by —10' as the presumed error of reading 
in the single observation obtained. Harding in 1827 (it appears) observed its 
P.D. =100° 10' (for 1830), and W.H.’s place for that epoch is 100° 12', that of 
h. being 100° 19' 4". 

1616 In Ix)rd Rosse’s diagram, «=No. 1617=h. 483; /3=No. 1616=D’Arr. 51; 

1616 y=No. 1616=483, a. D’Arrest’s place for |3 is preferred to that which results 

1617^ from comparison with the diagram, h. 284 could not have been in the held, 
being almost a degree distant. 

1633 h. 493=11. 719. h.’s R.A. in P.f. diminished by 1"* for an error of 1“ detected 
in the reduction of the observation. This biings it nearer to Auwers. 

1652 h. 3176. Polarissima Avstralis, This nebula is so near the south pole that its 
precession in R. A. varies from year to year with great rapidity, so that its R.A. 
cannot be computed correctly by the ordinary approximate method. 

1666 The four nebulaj h. 608, 510; 610, a; 510, h evidently include among them that 

1667 third nebula referred to by Lord Rosse as the accompanying “ nova ” “ forcing 

1668 a triangle with h. 607, 608— -of the last degree of faintness.” h: 607, liowcver, 
is 30° distant in P.D., so that in the observation of Feb. 9, 1850, the P.D. of 
h. 507 must doubtless have been read as 36® instead of 66°, giving rise to a 
mistaken identity with one of the two really new nebulm at that time in view. 

1696 III. 50. I find a memorandum to the effect that this nebula is lost, and was pro- 
bably a comet; but I cannot recover my authority for the statement. It is 
described by H. as “ of the last degree of faintness,” and it is therefore no way 
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surprising tliat it should not have been again perceived without some time and 
trouble bestowed, and in clear weather. 

1707 h. d27=:IL 48. M. Auwers, owing to an erratum in P.T. (see List of Errata), 
laakea the R. A. of II. 48 two minutes too great, and is thus led to doubt its 
identity with h. 527. There still remains the rather considerable disagreement 
of 6' in P.D. D’ Arrest found neither of these nebulae ; but there can be no 
doubt of the existence of one at least, in or near the place here given. This is 
not the nebula seen by Lord Rosse “ nearly in contact with h. 626.” This latter 
(described already by h. as “ bi-nuclear ”) was seen by R. as distinctly double. 
1712 h. 531 =M. 67. Discovered by Oriani. 

1720 h. 636=11. 823. W.H. describes this nebula as “Round;” h. as “much ex- 
tended,” while Lord Rosse saw it as bi-nuclear, or a double nebula joined by 
faint nebulosity. Is it separating into two, like Biela’s comet ? 

1736) h. 542 and II. 657. The descriptions are irreconcileable, and they must be two 
1736) distinct nebulae. The R.A. of h. 542 was not observed, and its P.D. is set down 
as “ hardly more than conjectural,” having been looked for by working list as 
II. 567 and set down as such. 

1742 h. 545=11. 834. Misprinted II. 844 by Auwers in the Catalogue, but the num- 

ber is correct in his general list of the nebulae by numbers and classes. 

1743 h. 646. Not seen by Ix)rd Rosse in one observation. Examined sweep 21 (h.) and 

found all right. 

1766 III. 291=D’Arr. 60. These are assuredly one and th(5 same nebula. Auwers’s 
declination of III. 201 (-1-27° 7') should be -|-26° 7'. 

1773 h. 665=111. 61. The P.D. according to H. is 70°. 

1788 II. 708. Owing to an erratum in the determining star in Phil. Trans, (see List of 
Errata), Auwers has given the place of this nebula for 1830 R.A. 9** 12“ 39*; 
P.D. 39° 17', instead of 9'> 6“ 29* ; 47*20'. 

1791) 

1794 |h. 677 ; h. 578. Not seen by Lord Rosse in one observation. (See next note.) 

1792 D’ Arrest 62. This nebula must surely be variable, as it is inconceivable else that 
it should not have been seen by h., when h. 678, to which it is almost close, 
was observed and its place taken. D’ Arrest says, “ Fugerat Herschelium nec- 
* non me anno 1862.” Neither of the three (Nos. 1791, 1792, 1794) were seen 
by Lord Rosse. Sweep 59 (h.) and the reductions re-examined. Found all clearly 
written and all correct. 


1804 

to 

1816 

1817 

1818 
1821 


h. 681, 682 ; 681, a, d, c, d, 682, «, 6, c, d, ^,y, ^ ; D’Arr. 63. Of this very complex 
group of 15 nebulee or “knots” (as they are called by Lord Rosse), six have 
- been determined from his diagram, and six more by the aid of notes subse- 
quently furnished me from the records of the observatory at Birr Castle, con- 
taining differences of R.A. and P.D. from one or other of .the former*. These 
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are indicated by the letters MS. attached in the column of descriptions. Th« 
others I identify as follows : — ^ 

ot (in Lord R.*s diagram) is Ko. 1813=582, c. 
j3 „ „ 1812=682, A 

y „ „ 1811 =h. 582. 

i „ „ 1806=h. 881. 

f ,, ,, 1815=682, e. 

?; M M 1821=682, y. 

One of those for which no data are given must have been D’Arr. 63, and the 
two remaining ones are included under the entries Nos. 1817, 1818 as 582,/. 
1832 h. 690. Not seen by Lord Rosse; once looked for. Re-examined the sweep and 
reductions. Found all correct. 


1868 h. 3171. In the omitted observations of nebulae in the last page of the C.G.H. 
observations, /or h. 3170 read h. 3171 ; and this observation, combined with 
the two in the body of the work, gives the mean result for 1830 employed to 
deduce the place in the present Catalogue. 

1911 h. 3185=111. 289. In consequence of a misprint in P.T. (see List of Errata), the 
P.D. of Auwers is 5' too small. Corrected by this, his place agrees well with 
my observation. 

1953 M. 81 A nebula observed by W.H. as described, but differing most materially 
ill place from M. 81. It would certainly be very extraordinary should three 
nebulie so extremely remarkable as M. 81 and 82 and this be found to lie so near 
together. 

19691 h. 3198, 3202 are distinct nebulae, and were observed consecutively in one and 

1962^ the same sweep — sw. 561 (h.). 

1960 Ih. 3199 and 3201 are also distinct nebulae, and were observed consecutively in 

1961 1 sweep 562 (h.). 

1974 III. 293. M. Auwers makes the place of this nebula 9** 24™ 4"; 66“ 30' (1830), 
instead of 9** 48™ 48" ; 60® 13'. The cause of the error is an erratum (see list) 
in P.T., where the determining star is set dovm as 23 Leonis instead of 23 Leonis 
Minoris, another of the instances of confusion arising from the use of this silly 
and barbarous nomenclature. 

2014 h. 669=111. 65. Not seen by Lord Rosse in one observation. It was found by 
h. in its place per working list. 

2019 h. 672. Not seen by Lord Rosse in one observation. Examined the sweep and 


reducti(His, and found all eorrect. 

2043 h. 250. This nebula is so very close to the North Pole, that its place cannot be 
calculated by a preoesnon proporUonal to the time in the usual approximate 
mode, the R.A. changing from year to year with extreme rapidity. 
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2064' 

2055 In Lord Rosse’s diagram, a=No. 2058=h. 692=11. 44; /3=No. 2061=h. 693 

2067 ‘ =11.45; 7 =No. 2056=692, i=No. 2064=D’Arr. 61; s=No. 2067=692, c, 

2058 not lettered in the diagram. 

2061 

2088 [II. 28, 29. Both D’ Arrest and Secchi agree in placing this double nebula more 

2089/ to the south than W.H. by 16'+, and D’ Arrest supposes the P.D. to have been 
misread to that extent. As so great a proper motion is most improbable, and 
the identity is indisputable, I have adopted this supposition and made the neces- 
sary correction. 

2094 h. 706. Not seen by Lord Rosse in 6 observations. Re-examined the record of 
the original obs. Sweep 115 (h.). No 68, and the reductions. The entries are 
all clear and perfectly legible. Reduction in P.D. correct ; reduction in R A. 
erroneous by —0“ 26**6. This, however, could not have caused its non-obser- 
vation by R. This then was a comet, or is a lost nebula. The error of reduction 
is corrected in the present Catalogue. 

2111 III. 316. C.H.’s reduction of this nebula being affected with a considerable error, 
Auwers’s R.A. is adopted, after verification. 

2144 h. 3276. Place approximate, by equatoreal zone review. 

2189 h. 745 =V. 52. Not seen by Lord Rosse when once looked for (see note on 
No. 132, &c.). 

2192 h. 3294. The minute in R.A. doubtful. 

2197 h. 3295. The great nebula about ri Argus. According to a letter from Mr. Eyre 
B. Powell of Madras, a most extraordinary change has taken place in this nebula 
since my figure of it was delineated. He states that the southern eii^ of the 
curious oval vacuity close to the great star, which was decidedly closed when I 
depicted it, is now decidedly open. Should this be established, it will be the 
most extraordinary fact that has yet appeared in the history of a nebula. 

2201 h. 754=11. 99. M. D Arrest found this nebula in the Leipzig refractor, bright 
enough to be ranked in the first class. And it is marked as “ very bright ” in 
this Catalogue by a mean of 5 observations. It must have been ill seen in the 
earlier observation when classed as II. 

2231|IV. 6=11. 131 and h. 777=111. 88. I adopt, on due consideration, the opinion 

2234/ of Auwers, that III. 88 and II. 131 are not the same. Their having been 
successively observed in the same sweep is decisive. Also, that IV. 6 is not 
III. 88, but in reality identical with II. 131. The descriptions are made out 
in conformity with this. 

223311. 118 and h. 779. The degree of P.D. is probably mistaken in I. 118. Marth, 

2236/ according to Auw., suggests that the determining star 46 Ursas (which though 
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not so called in B.A.C., is doubtless No. 3741 of that catalogue) was mistaken, 
and should have been called 46 Leonis minoris. Consulting the originsd sweep 
(sw. 487, H.), I find this surmise mt corroborated ; for the nebula, when reduced 
by the star next preceding it (37 Leonis minoris), gives the same Polar distance, 
and, within a few seconds, the same R. A. But there is some faint indication of 
the figure 6 in the reading of the Polar distance piece 66° 56' having been written 
over a 7, which would have thrown the nebula somewhat below the southern 
limit of the sweep, and might have caused a suspicion of error at the time. 1 
found no nebula in the catalogued place in my* s\veep No. 337 (h.), so that the 
probability of an erroneous degree is Strengthened. At the same time, it is not 
impossible that this nebula may be identical with No. 2236 =h. 779, the mis- 

' tajee in the degree lying the other way. 

2238 h. 780=1. 172. h., fti Ph.Tr., suggests that this nebula may have moved. There 
is, however, no ground for this supposition, as its place agrees quite remarkably 
with that brought up from C.H. But query if the double star have not moved, 
since one of the observations places it “ in the middle,” and a subsequent one 
makes the southern extremity of the nebula touch the large star of the double 
star. 

2276 h. 806=11. 101. Found to rank as a first-class nebula by M. D’ Arrest with the 
4J-in. Leipzig refractor. In this Catalogue it stands described as “ very Bright,” 
by a mean of 4 observations. Sec remark in note 2201. 

2310 h. 823=111. 111. There is a strange amount of discordance between the observed 

.Ot 

and reduced places of this nebula. Auwers makes the P.D. for 1830=84° 29'. 
C.H. has reduced the single observation of W.II. by two stars 84, r Leonis 
and 349 Bode T^eonis, and her results difier by 10'; r, which gives the greater, 
being stated to be “ too far distant in P.D.” The several results stand thus 

P.D. 1830, by Auwers 84 29 

„ by r Leonis (C.H.) ... 84 20 

„ by h. obs. ...*... 84 15 

„ by 349 B. Leonis (C.H.) . . 84 9J 

My observed P.D. is nearly a mean between those of C.H. 

2316 h. 828=11. 42. Not seen by Lord Rosse when once looked for (see notes on 
No. 132, &c.). 

2319 h. 829=111. 361. The observations of this nebula, which are numerous, disagree 
80 very remarkably in the particular of brightness, that a considerable suspicion 
of variability exists. 

2378 h. 864=M. 66. There is a misprint, 46° for 75° np to sf, in the position of 
extension in my Catalogue of 1833. The diagram in the original sweep also 
corroborates this, as does also the figure (fig. 63) accompanying that Catalogue. 

IIDCCCLXIV. B 
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W.H. twice says mE in merid (I80^)~]i.’s position 76° op to s£=165^> a mean 
of those of Winnecke and Auweis =172°. 

2377 h. 85 7» h. 875 ; M. 66. No doubt these are the same. fig. 54 F.T. 1833 corro- 
borates their identity. The accompanying stars and their positions agree 
entirely. The 11. A. of h. 875, however, requires to be corrected by — 3“, 
allowing the seconds and the P.D. observed in that observation their weight. 

2382 II. 30.* Auwers deduces his R.A for 1830 (11** 12“ 21") fn>m the statement in 
P.T. “ following 68, 5 Leonis, 6“ 30*.” C.H. from the same data concludes 
EA.. ll** 11“ 31* (also for 1830). The latter is (within 2*) the correct result. 

2388 h. 867=h. 861 ? These are very probably the same. But as, after all, the difference 
of the observed R.A.’s is sufficient to have allowed one to escape while obsei*ving 
the other, so that they mat/ be different, and as moreover one is described as. 
“ Round,” and the other as “ extended,” both are retained. 

2405 h. 882=1. 20. This nebula would seem to have decreased in brightness. The 
bright # is 1341. A.S.C. 

2411 h. 886=1. 131. Ranked by M. D’ Arrest in the second class with the 4^-inch 
Leipzig telescope. In this Catalogue it stands as pretty Bright ” from a mean 
of three observations. 

2417 III. 112. Auwers has reduced this nebula by the star given in P.T. p, 74 Leonis. 
But I find a MS. note that this star was not dependable, and that Mayer’s 
No. 610 is the proper determining star. The nebula was subsequently looked 
for and foimd, not in the place given by (ft, but 8' from the P.D. concluded 
from Mayer 610. A mean of these two dcteiminatious is therefore used in this 
Catalogue. 

2440 h. 907=111. 363. Auwers doubts the identity of these nebulee^ But this is in 
consequence of a misprint in P.T. (see List of Eirata), 63“ for 43“. The error 
is found also in the Register Sheet (H. 937), but C.H. has avoided it and used 
43“ in her reduction so as to give a RA. agreeing within 35" with that of h. 907. 

2461 h. 918=11. 784. Lord Rasse, in his observation of this nebula, mentions 
“ another brush-like^ 20' np.” This was no doubt II. 783= No. 2454. 

2601 h. 945=1. 94. W.II. makes this nebula by one ob8cr\'ation extended, n to s, 
by another nf to sp, while h. has two observations agreeing in making it extended 
■ ; ; in the parallel. Surely it does not rotate 1 

2540 h. 967. 1“ added to the R.A. It is evidently the first of the group of 4. 

25-77 III. 113. This nebula is reduced also in Auwers’s catalogue by p Leonis, the star 
set down in P.T. But C.H. remarks that p was above the sweep, and otherwise 
observed under unfavourable circumstances, and Mayer’s 510 zod. star. s. 0° 31 
is prefexred, which gives a result differing by 4-24' in P.D. and —48^ in R.A 
The pf^ce adopted in the present Catalogue is in confoxmily with this remark. 
(See note on No. 2.417.) 
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•21^1 h. 1000=111. 616. Tbe star 6m, 6' n only noticed by W.H. The other 7m, f in 
the parallel only by h. Axe there redly two stars 1 and are they both variable 1 

2697 h. 1002=1. 203. Auwers, in consequence of an erratum in P.T. (see List of Errata), 
makes the R.A. of this nebula 7“ too small. The error is corrected in the 
Register (H. 1889) and in C.H.*s reduction. 

2604 h. 1009=1. 202. The same misprint in P.T. mentioned in the. last note on 
h. 2697 has also vitiated M. Auwers’s R.A. of this nebula. It is corrected in 
the Register Sheet (H. 1886) and in C.H. 

2608 h. 1013=111. 381. I adopt Mr. Marth’s identification of these nebulae. The 
place of III. 381 in the catdogue of C.H., from which my working lists were 
made out, is vitiated by some great mistake. The P.D. is supposed to be 
derived from 1 Comae, the neb. being 1° 12' south of the star. This, however, 
would give 68® 9' 29" for 1830 instead of 65® 46' 0", that brought up from C.H. 

2660 h. 1039. This cannot be identical with h. 1036, and its brightness precludes its 
being accepted as III. 364. But there is extreme uncertainty as to its P.D. 
The degree may even be wrong. 

2652 h. 1041=11. 733. According to W.H. the position of extension is “near the 

meridian.” If meridian be not n mistake fot parallel it has changed, h. has a 
measure 62°*3, and an estimation 66® in another observation. 

2653 h. 1042. This cannot be III. 3, as C.H. has reduced two obs. of this latter well 

agreeing, and giving a R.A. 2“ exceeding that of h. 1042, which also rests on 
2 obs. of h. 

2668 h. 1060=1. 263. The difference of descriptions is extraordinary, so that they 
seem hardly to pertain to the same object ; but the places agree. 


h. 1062, 3, 4, 6, 7, 8, 1070, 1, 3, 5, IH. 391, 2, 3* 4, 5, 6. The places set down 
for the nebula? of this extensive group are made out by a most careful consider- 
ation of all the obsciwations and records in the sweeping books which seen^ 
irreconcileable with a group of six nebula? only. The group, however, needs a 
thorough re-examination. 

2701] 

2702) 

27S0 11. 14. Owing to an erratuin in P.T. (see List of Errata) Auwers gives quite an 
coToneoas place fiar this n^uk (11^ 39** 27* R.A., 81® ^ P.D. 1830). 

274Th. llOSsslil. 814. Auwen suspects some error of the press, since his P.D. for 
U36 comes out 86® 6ff, whik that of lu 1108 is 36® 66'. There is, however, 

IB 2 


2684 

2686 

2686 

2688 

2690 

2693 

2694 
2697 
2699 
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no error, either of printing, registry, or reduction in any part of the older work. 
The determining star is rightly set down as 6 Canum, whose P.D. for 1800 (the 
epoch of C.H.’s catalogue) is 37® 19' 42", and III. 814 is declared to be 1® 32^ 
north of it, so that 30® 48', the P.D. of C.H., is con*ect, aqd reduced to 1830 
(=35® 68') agrees with my place within 2'. Neither is there any error of the 
press^ or of reduction, or any apparent mistake of a clerical nature in all the 
process of h. 1103, and the nebula observed is set down in the sweeping book 
(of course from the working list) as III. 814. I consider their identity there- 
fore as fully established. 

2771)h. 1211=11. 372. H. says, the most northerly of the pair II. 372, III. 360 the 

2773) largest: h., “by diagram,” makes the following nebula. III. 360=No. 2773, 
the larger of the two. 

2814 II. 109. The reductions of the sweep 187 (Il.)in which this occurs are somewhat 
precarious, and in C.II.’s revision of the sweep the A. P.D. from 6 Com® is set 
down at 1° 50', that in the P.T. at 1® 64' (these changes are never made without 
good reason), and this accounts for 4' out of the 5' difference between her P.D. 
and that of M. Auwers. 

2846 III. 635. In a sweep two years subse<|uent to the obs. of this nebula by H. it 
was looked for again but not found. 1 if a comet. 

2849 D’Arr. 89. M. D’Arrest makes mention in a letter which he has done me the 
honour to address to me, of a nebula having the same R.A. as this, but a P.D. 
(1860)=83® 46' 42". He does not include it in his final list. It should, how- 
ever, be looked for. 

2862] h. 1183, 7, 9, 1190, 4; II. 568, 9, 670, 1, 2, 3. There cannot be a doubt that 

2856 II. 568, 569, 570, 571, are in 82® P.D., and II. 572, 3, in 83®. It is equally 

2857 certain that h. 1183, 1189, 1190, 1194 are in 83®. They were observed in two 

2862 distinct sweeps (sw. Ill and 238); I observed also II. 572 in sw. 238, and III. 

2865 57 3 in sw. 250. There must be a set of ncbul®, at least 8 in number, hereabouts. 

2869 N.B. W.H. makes II. 568, 569, 570, 671, 34' n. of 11 Virginis. If n. be a 

mistake for s, these agree with h. 1187, 1189, 1190, 1194. 

2866 h. 1186=1. 90=11. 322. Marth’s conjecture is right (see Auwers’snote on I. 90) 

as regards II. 322, but not so his conclusion that II. 322=11. 377. 

2878 h. 1202=1. 139=M. 61. Discovered by Oriani. N.B. The first discoverers of 
the nebul® in Messier’s list, when not Messier himself, are mentioned by 
M. Auwers in his catalogue of those nebul® (pp. 66-71), except in the cases of 
Oriani’s nebul®, M. 141, 181, 351, 61, 67. 

2884 1202, a. Under h. 1196 and 1202, two nebul®, unidentifiable, are described as 
companions, but there must be some great error in Lord Rosse’s account of 
them, as the place of one is referred to a scarlet star ** 10' south of a scarlet 
star B.A. 12^ 25'.” Now h. 1202 is in RA. 12^ 14^. To afford a fiiir chance 
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of reobserving them, the companion 10' nf h. 1202 is entered here as 1202, a, 
and that south of the scarlet star, under No. 3060 as 1196, a. 

2892 D’An*. 90. “ Reperta a me Mart. 4, 1862. Eandem rcperit Schonfeldus, April 1, 
1862. Vide Comptcs Rendus, 8cc** 

2951 II. 87. This niay be h. 1240, but 7' in P.D. is a large error. 

2961 h. 1253=M. 86. The nebula of Lord Rossc 14' sp this is no doubt IT. 168. 

2976 h. 1261=111. 492. III. 492 was looked for April 11, 1787, by W.H. in the 
place assigned to it, but was not seen. Auwers, however, makes it identical 
with h. 1261. Yet the descriptions are radically different, and after all there 
may be another nebula, the real III. 492, in the neighbourhood. 

2992|R. nov®. 1274, a; 1275, a. Of the eleven “knots” seen by Lord Rosse in this 

2995/ place these two arc the only really “ nov®.” The other 9 were h. 1237, 1244, 
1250 (1 & 2), 1253, 1259, 1274, 1275, and Auw. N. 30, numbered in this 
Catalogue 2931, 2949, 2955, 2956, 2961, 2965, 2974, 2991, 2994. h. 1203, 
numbered by Lord Rosse as one of the group, seems too far remote in R.A. to 
have been seen on that occasion. 

2999 h. 1279:^11. 156. H. says “F;” h. “vB.” The latter preferred, since F might 
arise from fog or haze. 

3003 h. 1282. II. 56 and II. 90. Both II. 56 and II. 90 were seen in one sweep, 
March 1, 1784, at^"* interval of time (by the same star, 25 Com®), II. 56 
being 1' more north, and II. 90 3' more south than the star. This is a case of 
positive disappearance, for in sweep 334 (h.) the neighbourhood was carefully 
examined and only one nebula found. 

3008 I. 23. By g Vivginis, sw. 174 ; n. 1® 31'; .-. P.D. (1830) 77® 18' 29". By 34 Vir- 
ginis in sw. 199, s. 0® 19', whence P.D. =77® 25' 33", mean 77® 22'. Auwers 
makes it 77® 16'. This nebula is placed in the 2nd class by M. D’ Arrest as 
seen with the Leipzig refractor. In this Catalogue it is set down from a mean 
of two observations, as “ pretty bright.” 

3011 h. 1289=11. 212=sll. 750. The two nebul® so designated were not observed 
by H. in one sweep, and are, no doubt, identical. 

3013 h. 1290=11. 122=11. 174. These two nebul® of the 2nd class were also not 
observed by H. in the same sweep, and are presumed to be identical, as the 
places agree. 

3021 h. 1294=M. 49. Discovered by Oriani in 1771. 

8026 h. 1295=11. 117=11. 629. The same remark applies as in the notes on Nos. 
3011, 3013. 

3029 II. 116. Not seen by D'Arrest. 

8048 h. 1307=1. 83. Not found by Lord Rosse when once looked for. There can b« 
no doubt, however, of its existence in or new this place. 

3060 1196, dssR* nova. See note on No. 2884. 
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3076 h. 1329=:!. 3isL 38. H. describes L 31 as “ between two bright stans.’* The 
places differ 15' in P.D. ; h. describes L 38 (the place well agreeing with that 
of H.) in one obserration as having a large star £, and in two oUiers as havihg 
a star 9m, p ; that is, in effect, as lying between two bright stars. N.B. The 
star used for 1. 31 is 31 1 Yirginis, and for 1. 38, 32 d 2 Virginis. The dedi- 
nation of 31 <2 1 is 30' wrong in A.S.C. (No. 1469). In BA..C. it is right. The 
P.D.*s of the two nebulae of H. differ, as already remarked, by 16'. The K.A.’s 
agree. They must be identical with a mistake of 15' in I. 31. D’Arrest says 
he is sure there are not two nebulae here. 

3078 III. 26. Place as per C.H., 12‘' 25“ 32% 68° 32' for 1830 ; as per Auwers, 

12*^ 25“ 40®, 68° 47' (see List of Errata). The correction of the place in P.T. 
is not, properly speaking, an erratum, but the substitution of a good observa- 
tion for a bad one. In the obs. sw. 177 (H.), where 20 Comae was used as 
the determining star, the place is given only by description. In a sweep long 
subsequent (sw. 944) it was compared with 26 Conue in the regular form of 
observation, and this is of course to be preferred. Auwers’s place is deduced 
from the earlier, and that of C.H. from the later observation^ rejecting the 
other. 

3079 h. 1322=8 Canum. This very remarkable object occurs among the list of those 

observed by Lord Rosse in his paper in P.T. IJ^l, but without a word ef 
remark or description; and it does no^ occur among his list of nebulosities 
looked for but not perceived. Surely it might be inferred from this that the 
nebulosity surrounding the star was seen, or its absence would have been noticed, 
as in the instance of 55 Andromedae. Yet Mr. Laa^ll saw no nebulosity about 
8 Canum. 

3097 h. 1348=M. 89. Lord Rosse has h. 1343 and 1348, and in his account of them 
says, “ two others, about 20' s. of 1348 one of these must have been h. 1343, 
and the other h. 1349. 

3103 h. 1353=1. 119. This nebula was barely perceptible, with straining the atten- 
tion, by M. D’Arrest witiii the 4^inch Leipzig refractor. It is described in this 

: Catalogue as “ conridcrably bright ” by two observations. 

SlOESlh. 1368, 1359, lS63=iy. 8, 9. The obs. of 1363 in my Catalogue of 1833, in 

3109/ which the R.A. is uncertain, undoubtedly refers to the same very remarkable 
double nebula, IV. 8, 9. D* Arrest is sure that there is no other double nebdla' 

. in this neighbourhood. 

3111 M. 90. The place is from two observations by W.H., as also the description. 

3127 h. 1374=1. 273. The descriptions of H. differ so much that it is not impossible 
v tfacire may be another bright nebula near this place. 

3138 h. 1379=11. 577. T^o diagrams by h. in sweeps 141, 143, agreeing, represent 
this nebula as making a considerably acutO'angled, nearly iaoBceles triangle mth 
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two following stars. H. says, “Between two Bright stars, making a trian^ 
with them.” No one now, looking at those diagrams, would call the situAtui 
of the nebula between the stars. A suspiciDn of proper motion arises in sn^ 
a case. 

314S h. 1384=11. 148. In my Catalc^fue of 1833 this nebula is identihed with II. 28^ 
and in the Begister Sheets (H. 820), under the head of II. 148, there is a memo- 
randum, “ Probably the same as II. 20 (H. 47).” But on examining aU the 
observations of both nebulae, I arrive at the conclusion that they are different, 
n. 20 being nearly 2“ later in RA. 

3170 h. 1401. Query if not =11. 38, with one d^ree mistaken m P.D. 

3174 See note on 3148, above. 

3177] h. 1406, 1407=11. 794 (1 & 2), III. 778; h. 1428, 1435=11. 795, 796. Auwcrs 

3179 remarks, and justly, on the gicat apparent discordance of the observations of h. 

3206 ■ and his places of IT. 794, 5, 6, and those of W.H. The fact is that the places 

3216 of these in the P.T. all rest on comparisons with s Urs® in sweeps 921 and 

3224; 1001 (H.); and the observation of that star has been erroneous or mistaken in 

sw. 921 by about 11' in P.D., as appears from an obs. of 73 Urs® in the same 
sweep. The ncbul® affected by this error are those here enumerated, and it 
requires very caieful^ consideration to disentangle all the obseriutions of each 
nebula by both stars, and to decide on their identities. My hna^conclnsione 
are, — Ist, that in these sweeps two distinct nebul®, II. 794, 1 and II. 794, 2, 
were obseiwed, and confounded together under one number (=11. 2079 register). 
These are my h. 1406, 1407. 2ndly, that h. 1407 and Ul. 778, II. 795, 796 
are correctly deterfhined in sw. 1001 (H.). 3rdly, that in sw. 921 (H.) the 
nebula set do^vn as II. 794 was not the same as that called II. 794 in the 
reduction of sw. 1001 ; i. e. that it was in fact h. 1406, and that in this obser- 
vation there is also an error of 6' in P.D., or that, if not, there mtist be still 
another nebula in- P.D. 33® 54' (1860). Finally, that the place of III. 778 
given in Phil. Tr., which is affected by the general cause of error, requires 
a correction of -f 9' in P.D. 

3180 h. 1405=111. 44. This is the companion of Mv 60, and is placed by M. D’Arrest 

in the first class, even with die 4J-inoh Leipzig refractor. Perhaps the very 
superior light of M. 60 may have led both and h. to under-estimate that of 
its, anyhow, much fainter companion. • - 

5X89 Ih. 1414, 1415=1. 176, 177» These two, according to Lord Bosse, are connected 

5X90/ by faint nebulosity. 

III. 778. See note on 3174. 

35 X 4 R 1426=11. 181. Auweks points out a discordance of 19' in P.D. between my 
observation and that of II. 181. This is owing mainly, hov«^» 1^9- itvPisprint 
jlnPhilTmio (&i!S9*litt ofEiirata^) 
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3216] 

3224 /^* 3174. 

3228 I, 8=IIL 6. The later of these nebulee is expressly stated in the register (H. 38) 
to be of the 1st class, though set down (it does not appear why) in the 3rd. 

3254 h. 1452=1. 41, The case of this nebula is a very odd one. H. has two obser- 
vations of it. One on April 5, 1784, where it is described as a “ L ; B ; r neb ; 
; sbM; iRFig; Class I.” Another on March 3, 1789, calls it «pB; cL; iFig; 
er. Many of the st. visible.” So that it may be called a cluster. Both the 
places of H. and that of h. agree so well, that the object in all must have been 
the same. Here seems evidence of change. 

3256 h. 1453=11. 73. Contradictory descriptions, and possibly two nebulae differing 
1“ in R.A. 

3311 h. 1480=1. 141. Query if not changed, h.’s observations are positive as to the 
clearness of the sky. But query as to the state of the speculum. 

3319 h. 1485=11. 384. Not seen by Lord Rossc in two observations (hazy). 

3337 h. 1497=1. 68; II. 299; h. 1511=1. 69; h. 1636=11. 301; h. 1674=111. 382. 

3338 Auwers finds 5' A. P.D. between H. I, 68 and h. 1497. His place is from P.T, 

3368 63 Virginis n. 1® 4', whereas C.II. in her reductions uses n. 1® 11', and my 

3420 observations of this and the other nebulae in this list justify the departure. I 

3483, subjoin her note on this nebula (in zone 103® C.H.): — 

“ I. 68, I. 69, III. 282 are each 7' more north than they are given in the 
“ printed Catalogue. The disagreement is the result of the recalculation, and 
“ is probably owing to my attempting more accuracy in valuing the ‘ numbers 
“ ‘to a degree,’ &c. &c.” (i. e. in the index reductions of the Polar distance 
readings which were parts of an arbitrary scale). And in the next zone (ji04® 
C.H.) occurs, 

“ II. 299 and II. 301 require the same memorandum.” In point of fact, com- 
paring my own observations with those reduced by M. Auwers, the differences, 
as stated by him, run thus : 

I. 68 . . . A.P.D. H-.h=+5' 


1, 69 +r 

HI. 282 +r 

II. 299 

II. 301 +6' 


so that in each case, where I have observed the object, the alteration is justified. 
This is only one out of the innnmerable instances of painstaking and laborious 
scrutiny bestowed by her upon these reductions which have occurred to me in 
the collation of her zone catalogue with the original observations and with my 
own results, 

3356 h. 1509=1. 143. Auwers places this nebula 1® 13' too much to the south in con- 
sequence of an erratum in P.T. (see list of Errata). 



OF NEBULA AND CLUSTEBS OF STABS. 


33 


No. 

3358 See note on 3337. 

3363 V. 3. Auwers makes the R.A. of this neb. for 1830 13*^ 2” 31*, which is 10™ too 
great. The F.T., which in this instance is correct, makes it follow 75 Leonis 

Ih 44m. 

3393 b. 1527. This is not impossibly III. 937, but as both R.A.’s and P.D.’s differ very 
much, tliey may be different, and are therefore separately stated. 

3415 h. 1535. Not seen by Lord Rosse in one observation; clouds passing h. has two 
observations, both agreeing well. 

3420 See note on No. 3337. 

3421 II. 185. Auwers, misled by an error in P.T. (see List of Errata), makes the R.A. 

of this neb. too small by 10™. 

3426 Auw. N. 31 . Not visible in the Konigsberg Heliometer. 

3483 See note on No. 3337. 

3506 II. 22. P.D. extremely doubtful. 

3512 II. 826. Place re-reduced by the star used by H. and A.S.C. 

3527 h. 1597=11. 314. Auwers makes A.R.A. II. — h. = -f-107*, and remarks that 
there is perhaps some error in P.T. This is the case (see List of Errata), and 
with the correction there indicated the agreement is satisfactory. 

3550 D’Arr. 94. D’ Arrest says “ not found jagain, Feb. 19, 1863. Sky perfectly clear. 
Perhaps a comet.” 

3588 h. 1633=111. 926. II. says it is sp a considerable star. h. has “ a ♦9m with a 
very dilute nebulous atmosphere.” Has the star or the nebula moved 1 
3650 III. 946. Auwers makes the declination -f-89° 17', a misprint for -1-80® 17'. 
3662 h. 1674=1. 255. EAndently ill seen by h. The description of H. preferred. 
3664|^h. 1676, 1679=111. 422, 423. Auw'ers makes the P.D. 12' too great by reason 
3668) of an erratum in P.T. (see List of Errata). 

3728 h. 1720=111. 666. Auwers finding A.R.A. H. — h. = -f-52% supposes a mistake of 
1™. Examined sweep 146 (h.), and found all clearly written and righ? reduced. 

3750) h. 1734, 1735=11. 309, 310. H. says the second is the larger, h. the smaller of 

3751) the two. 

3760] 

3762 

3763 h. 1744=M. 101, and its attendants in more or less intimate nebulous connexion. 

3764 Of those in Lord Rosse’s woodcut, P.T. 1861, p, 729, N, the principal nucleus, 

3766 is No. 3770=h. 1774; n,=No. 3774=1744, i; n. No. 3773=1744, h. The 

3767 others are not lettered, and are made X)ut from the joint evidence of this dia- 
3770 gram and the measures of position and distance of the stars compared with the 
8771 copper plate, fig. 35.-~-1744,a is not improbably =111. 787. 

3773 

8774, 

IfDCCCLXIV. F 
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8820 h. 1763=:1II. 804=111. 835. The identity of these nebulse rests on a memoran> 
dum in MS. in my copy of Fh. Tr., supported by the reductions of all the obs. 
by C.H. in 3 sweeps, each with two determining stars. Auwers makes them 
differ by 14' in F.D. 

3836 IIL 551. Place concluded from h. 1772=111. 552 from H.’s description, 
that it precedes that nebula by 3' or 4' (3' 30")=14* of time, 

3844 h. 1777=111. 347. Auwers makes A.P.D.=--59', but observes that there must 
be some misprint. Examining all, 1 find that such is the case (see list of Errata), 
which recognized, shows that 1*^ has been mistaken, and the identity is therefore 
proved. 

3846 h. 1779=1. 144. Auwers makes the P.D. (1830)=86° 30', and H.— h.=l'’ 14'. 
The cause of the discordance is a misprint in P.T. (see List of Errata), in conse* 
quence of which the nebula is 1° 13' north of its printed place. 

3858 h. 1789, 1788, 1791=111. 416, 417. Lord Kosse says that of these three only 

3859 two were found. The obs. in sw. 28 re-examined — 1789 and 1791 were both 

3860 observed. Moreover, in sw. 337, 111. 417=h. 1791 and h. 1788 were both 
observed, and 1791 is expressly stated to have been the sf of two seen in moon- 
light. Now the np of these could not be h. 1789, which is cF and not north, 
but south preceding, whereas h. 1788 by its place in sw. 338 is np. All three, 
therefore, really existed at the date of these observations. It was h. 1789 (eF) 
which escaped Lord llosse’s notice, though looked for with greater instrumental 
power. Perhaps it may have changed. 

3863 111. 135. Auwers’s P.D. for 1830 is O'. C.H. reduced to 1830 gives 62“ 50' 20". 

Auwers has used (P.T.) 1“ 6' n. of d, 12 Bootis; C.H. 1° 16' n. of tlie same *. 
C.H. is to be preferred on every account to P.T. Her A.P.D.’s are grounded 
on a most complete and searcliing re-examination and recomputation (according 
to the then existing star catalogues) of all the data (in the earlier sweeps most 
olfscure — sibyllinis obscuriora) for determining the degrees and minutes of 
P.D. from the index numbers. In almost every case 1 find her corrections (or 
rather interpretations) to be justified; and 1 have no doubt that in this parti- 
cular instancti such will prove the case, though here 1 confess myself, after con- 
sulting the original sweep, unable to perceive the reason for the deviation. ’ 

3888 111. 319. Auwers, following P.T., which places the nebula 2® 26' north of /3 Urss 
min., makes the P.D. 1830 =12® 46', and so it stands in the Blister sheet 
(H. 864), But it should be 2“ 26' south. So C.H. has used it, and so it proves 
to be on reference to the original sweep, sw. 391 (H.), giving for the P.D. 
17® 36' 12". 

3920 h. 1832=11. 695. Not seen by Lord Bosse in one observation. See note on 
No. 132. 

3922 h. 3573=A. 342. In Auwers’s list of Lacaille’s nebulte, he sets down for the 
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declination of this —66® 68'*8. Per 68'’8 read 48'’8, if it be the same object, 
but of that some doubt remains. 

3967 VI. 8. Auwers, using % Virginis, the determining star in P.T., places this cluster 
in B.A. 14‘‘ 63® 87* (1830), 99® 66^ P.D. This, however, is declared by a sub- 
sequent MS. note to be a mistake for Mayer's 677 zod. star, whence the place 
in this Catalogue is accordingly derived. But this star, too, must have been 
mistaken, and on consulting the original sweep (sw. 209, H.) I find no star in 
the sweep whose identity can be satisfactorily ascertained. All that can be 
certainly affirmed is that, vrithin a d^ee one way or the other in P.D., and 
from 6 to 10 minutes of time in R.A. of the place set down, there exists a fine 
cluster of the 6th class which should be looked for. Fortunately it is the only 
nebula observed in the sweep, a very short one. 

3977 h. 1866=1. 184. Some suspicion of variability, inasmuch as one description calls 
it R, another E, and another mE, besides other indications in respect of bright- 
ness. 

3998 III. 373. C.H., by three distinct observations in three different sweeps (400, 

730, 917, H.) from the same determining star 11 libr® (s. 0® 13\ s. 0° 14', 
and s. 0° 16'), deduces a P.D., which reduced to 1830=91® 49' 39". Auwers, 
using the same star, s. 0° 12' Visper P.T., places it in P.D. 91® 17', which, how- 
ever, is probably a misprint for 91® 47'. Two of H.’s observations place the 
small star south, and one north of the nebula. 

3999 h. 1881=11. 676. The binuclear character verified by R, who says that it is a 

close double nebula. 

4016 h. 1892=111. 131. Query if not variable in brightness. H. in two observations 
calls it F and cB; h., in two others, vF and eF. 

4026)11. 766=h. 1898 1. In the two observations by H. of II. 766 it is described as 

4029) cF; pL; iF; r; 

pB ; s ; E ; 

and no mention is made of a double star near it, so that though the places agree 
within the possible limits of discordance, they are most probably two distinct 
nebulsa 

4043) 1901, a. Two of six seen by Lord Rosse. The others must have been h. 1901, 

4044) h. 1902, 11. 641 and III. 611. 

4048) 111. 886, 887. Auwers has made an error of — 12* in the declination, or -1-12' in 

4049) the P.D. of this double nebula as determined from P.T. (20' n. of 7 Serpentis). 
The P.D. here set down is that correctly reduced, C.H. having on her part 
committed an error of -t-2' in P.D. 

4051 h. 1905=11. 761. In Auwers's declination, for -f-20® 44' read -f-^O® 14', an 
evident misprint. 

4065 IL 818. Owing to an erroneous designation of the determining star in P.T. (see 

f2 
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list of Errata), Aiiwers has given the place of this nebula (1830) as RA. 

14h 4im 3.. Decl. +60® 5'. 

4124 h. 1934, &c. In Lord Rosse’s diagram of the group h. 1934, A, the most con- 

4127 spicuous, would naturally be selected as identical with that nebula, but in that 

4128 case II. 766 would not be included in the group. On the other hand, if B be 
4131 taken for h. 1934, the identifications will stand as follows: — ^A=No. 4131 
4133 • =11. 766; B=No. 4128=h. 1934; C=No. 4127=1934, b; D=No. 4124 

=1934, a. This, however, supposes an error of 45* of R.A. in H.’s place of 

II. 766, which is not probable, while on the other hand it is difficult to account 
otherwise for its not having been noticed at all. All things considered, I have 
thought it best to enter A as a new nebula. No. 4133=1934, c, leaving 766 
untouched. 

4167 h. 1948=111. 74. Not seen by Lord Rosse, once looked for (see note on No. 132). 
4173 h. 3624 =M. 80. This is Pogson’s globular cluster, with a variable star in the 
centre, for whose most singular history see the Monthly Notices of the R. Ast. 
Soc. xxi. pp. 32, 33, by Mr. Pogson. Mr. P. in that statement says that Sir J. 
Herschel (among others mentioned) had described it as cither “ cometary ” or 
“ nebulous.” This is incorrect. In both my observations of this object it 
stands described as a globular cluster, all completely resolved into stars. (See 
C.G.H. h. 3624.) 

4234 h. 1970=2. 5. D’ Arrest calls this planetary nebula blue. The place used is a 
mean of his observations, that of h. (Catal. of 1833) being only Struve’s roughly 
brought up. M. D’ Arrest makes the diameter =14"*6. 

4247 III. 727. The comparison of the place here set down with that of Auwers is 
curious for the great number of perfectly accidental errors which have heaped 
themselves together. The place (C.II.) is rightly reduced by her from <r Her- 
culis, f 16“ 11* ; n 0' 14", which is that given in P.T., and which, reduced to 1830, 
gives for the R.A. 16** 44“ 46*'8 and for the P.D. 47® 68' 16", differing +8*'8 
and +11" from the exact result. In M. Auwers’s catalogue it is entered thus: 

III. 127; RA. 16** 14“ 47*; Decl. +43® 1' (corresponding to P.D. 46® 69'). 
TTiat is to say, there is a misprint in each of the three particulars. This is not 
to be taken as a specimen of M. Auwers’s work, which is an admirable example 
of painstaking devotion, and far beyond any eulogy in my power to offer. But 
it is a striking instance of the way in which, in the great run of chances, 
unlucky coincidences will happen. 

4269 h. 1974. Doubtful whether a nebula or a very faint double or triple star. 

4294 M. 92 (= also Lalande No. 31644). Not observed by h., but 8 times by H. 
Place from Wollaston’s catalogue, which is almost identical with Auwers 
(A.R.A.=0''l, A.P.D.=0' 3"). 

4302 h. 1981 =h. 3686 =IV. 11. The annular form only perceived in the southern 
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observations. Both H. and h., in their northern observations, describe it as of 
equable light throughout. It appears from Lord Bosse’s observations that the 
annular form is much more common among these “ planetary ” nebulae than H. 
or h. had any idea of. 

4364 h. 3723=11. 200. On a ground astonishingly rich. 

4368 V. 13. P.D. by Auwers =113° 36' (1830), owing to an error in P.T. (see List of 
Errata). 

4372 h. 3726= A. 473. There is a singular statement respecting this cluster by Cac- 
ciatore in No. 113 of the Astronomischc Nachrichten. He observed it as a 
nebula, he says, on the 19th of March, 1826 (of course, therefore, Dunlop has 
the priority in point of date). But where he saw it Lacaille, he says, noted 
his star 1483 (Coelum Australe). Also, Piazzi in 1794 and 1801 in the same 
place saw only a star. Cacciatore in 1809 and 1810 observed the same star, 
but saw no nebula, only a star 9m following it (P. xvii. 341, 346). In looking 
for the comet of 1826, however, “ fui colpito,” he says, “ da questa bella nebu- 
losa.” Unfortunately for this curious history, the place of Piazzi’s star referred 
to (and which he identifies with 1483 C.A.) differs by no less than 18' in P.D. 
from that of the nebula in question, which was therefore out of the field of 
view, both of his own and of Piazzi’s telescope, when observing the star. 

4390 h. 2000. 2. 6. Omitted by Auwers from his catalogue of new nebulce, which copf 
tains many far less remarkable. Diameter, according to D’ Arrest, =7" *05. 
Bessel’s place =h. H-0**8, —0' 22". 

4397 h. 2004 =M. 24. H.’s two observations hardly consist with this description, and 
their deviation in R.A. of nearly 4'" from Messier’s place makes it very doubt- 
ful whether he really saw this object. * 

4411 M. 69. Piazzi, in a note on xviii. 122 of his catalogue, says that both M. 69 and 
M. 70 are 1° more to the south. But he is wrong. 

4415 Auwers, N. 40. This is the nebula discovered by Tuttle on Sept 1, 1859, and it 
would appear to be variable, for M. D’ Arrest says (in a letter of May 8, 1863), 
“ La nebuleuse de M. Tuttle (Astron. Nachr. No. 1337. p. 272) etait, le 24 Sept. 
1862, si brillante et si remarquable dans le chercheur (grandis etprceclaray ovalis, 
2' longa, 80" lata\ que je suis persuade qu’elle n’a pas ete telle du temps de 
Messier et de votre pere, ct do vos propres observations. Voici la position que 
j’ai obtenue. 1861*0 R.A. 276° 55'*6, N.P.D.=15° 30'*1.” The place given in 
the present Catalogue is that of M. Auwers, and differs somewhat, though not 
considerably, from this determination. 

4428 M. 70. See the note on No. 4411. 

4462 III. 742. This agrees too well with M. D’Arrest’s place of his No. 113 not to 
be the same. His description is F ; S ; R ; ♦lOp 12'*6, s 2' 30". 

4478 Auwers, N. 44. This is the nebula discovered by Mr. Hind on March 30, 1845. 
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It waa observed in May 1862 as a nebula of the first class; subsequently as 
“ pretty fiunt and diluted.” M. Auwers found it “ surprisingly faint,” and of 
the 2nd class at the highest. 

4487 h. 2037=111. 743. This was seen as a planetary nebula in the twilight by 
M. D’Arrest with the 4J-inch refractor, and can therefore hardly be ranked so 
low as Class III. 

4636 h. 2062=111. 144. Not seen by Lord Rossc; once looked for. (See note on 
No. 132, &c.) 

4670 h. 2073. Not seen by Lord Rosse; twice looked for. h. has three observations 
agreeing weU. The object is an equivocal one. 

46861 h. 2081=1. 103. According to an observation of Olbers, cited by Auwers, this 

4686/ is identical with No. 4585=1. 103, the place of the latter nebula, as assigned 
by H., being 20' wrong in P. D. This had escaped my notice until the nebulae 
in this Catalogue had been finally numbered and much other work accumulated 
on them ; and it was considered better to let No. 4585 stand, though erroneous, 
than to hazard confusion by striking it out and altering all the subsequent num- 
bering. 

4618 h. 2093. In conformity with Mr. Mason’s remarks on my observations of this 
nebula, and with his elaborate and excellent monograph of the great nebulous 
system of which it forms a part, I have diminished the P.D. in my Catalogue of 
1833 by F. It is evident that the index reading must have been mistaken, 1“ 
for 0'’. Sweep 8 examined ; the writing is clear and the reduction correct, but 
the conclusion from Mr. Mason’s observations is irresistible. 

4628 h. 2098= IV. 1. According to Lassell this is annular, an elliptic ring with a star 
in the centre. 

4654 h. 2113. Not seen by Lord Rosse ; twice looked for. Examined sw. 86 (h.), in 
which it was observed. All found apparently correct, the observation clearly 
written and right reduced : and it is added, “ the double star ” (h. 934 in my 
“ 3rd series of observations, &c. &c.,” Mem. Ast. Soc. vol. iii.) “ is a good guide.” 
A diagram accompanying the observations, by indicating lines points out the 
relative situation of the double star and nebula. 

4710 h. 2133. Not seen by Lord Rosse in four observations. 

4714 h. 3897. Not found by Mr. Lassell within 30' all round the place. 

4723 h. 2137=111. 920. Not seen by liord Rosse in one observation. 

4756 h. 2148. Not seen by Lord Rosse in three observations. In one a cloud passing. 

4776 h. 2156 =III. 932. H. says, “ just sf a S# to which it seems almost to be attached, 
but is free from it.” h. says, “ has a # 13m at a distance from the edge = 1 dia- 
meter by diagram.” Sw. 274 (h.). This sweep re-examined. The diagram makes 
the star north of the nebula. The description says, “ Diagram certainly right.” 

4816 2172) ct- In this group Lord Rosse has given only measures of relative position, • 
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and none of distance ; so that it is impossible to assign specific places to the 
indmduals of which it consists. He speaks of five near to h. 2172. The dia^ 
gram exhibits only four. One may possibly be III. 166. 

4848 2184, a. In Lord Rosse’s diagram of the group to which this belongs, « is h. 2183 
= No. 4846; /3 = D’Arr. 117=No. 4844; y=h. 2184 = 111. 217=No. 4846; 
i=D*Arr. 118=No. 4847. That marked as 2184, a is not lettered in the dia- 
gram, and is ** nova.” 

4892 h. 2205=1. 55. Placed in the second class only by M. D’ Arrest with the 4^inch 
Leipzig refractor. In this Catalogue it is set down as only “ pretty Bright,” 
from a mean of seven observations. 

4894 h. 3971 =h. 3972. These are assm*edly identical; but the minute of R.A. being 
doubtful, that of the earlier 3971 is preferred. The mean of the seconds and 
the Polar distances is taken, blending the two, and also the descriptions. 

4922 h. 2223=111. 222. Three times called by h. “pretty Bright,” and three times 
by h. and H., eF ; vF; eF. Is this a case of variability? 

4933 h. 2228=h. 3982=1. 104. Placed in the second class by M. D’ Arrest. With 
this the present Catalogue agrees ; making it “ pretty Faint ” by a mean of three 
obs(>rvations. 

4941 D’Arr. Not included by M. D’ Arrest in his final list; but there are four obser- 
vations of it recorded in his “ Resultate,” all agreeing well. 

4964 h. 2241 =1V. 18. According to Mr. Lassell this superb “planetary nebula” is 
hi-annula}\ consisting of a nucleus and two oml rings. 

4966 h. 2242=111. 226. Called by h. in four observations, pB; pB; pB; pB, and in 
two by H. oF ; vF. 

4980 h. 2250=111. 213. Not seen by Lord llosse in 4 observations. In my observa- 
tions of sweep 103, a very short sweep, using the quadrant instead of the index 
arc, and with no good zero star, both R.A. and P.D. may be a good deal 
wrong. My place, however, agrees pretty well with that of H. (A. R.A. =5®, 
A.P.1).=4'), and the existence of a nebula as described, hereabouts., is certain, 
but it should be looked for within somewhat wider limits. 

4998 h. 2261=1. 110. H. has two observations in which this nebula is called cB; 
h. has one where it is called eF; adding “ sky quite clear.” 

60031 h. 2263=11. 208. These can hardly be the same. The R.A.’s differ by nearly 

6004J 2™ and the P.D.’s by 6'. The descriptions also disagree. 255'’, the position of 

the star 14m in h. 2263, is not np but sp, and the estimates of their magnitudes 
differ materially. 

6016 h. 2271=111. 864. A very problematic object, and in which there is great dif- 
ficulty in making out its nature. Stars and nebula oddly mixed. 

60201h. 2274=11. 230; 2274, o; h. 2276=11. 231. In Lord Rosse’s diagram of thiw 

6021 1 group, «=h. 2274; /3=h. 2276; 7 =nova= 2274 , a. h. sweep 91 makes II. 

6022 J 230 the np of two, and II. 231 “ to have II. 230, 46® sp.” This is contradicted 
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by the diagram. There is some confusion among the observations as to whether 
the two nebulae II. 230, 231 really lie np or sp from each other, and it might 
be suspected that the P.D.’s had been read crossways, the R.A.’s being rightly 
set do^vn ; but Lord Bosse’s diagram and measures decide the point in favour 
of the relative situation being here correctly given. 

5051 h, 2302. Not seen by Lord Bossc in two observations. Examined the original 
observation, all clear and apparently correct. The nebula certainly exists in or 
very near the place here set down. 

5061 2849, a, A nebula mentioned by M. D’ Arrest, but not included in his MS. list of 
well-determined nebulae. Should, however, be looked for. 


References to Figures of Nehulce in various works. 

In the following list of figured nebulae, the first column contains the current number 
of the nebula or cluster in the present Catalogue ; the second the number attached to 
it in my Catalogues in P.T. 1833 and C.G.H . ; or if not found in either of these, the 
class and number in my Father’s Catalogues or other sufficient designation. The third 
contains an abbreviated reference to the publication in which the figure will be found, 
viz. — 

P.T. 33. The volume of the Philosophical Transactions of the Eoyal Society for 
A.D. 1833. 

P.T. 44. Ditto, Ditto, for 18441 

P.T. 50. Ditto, Ditto, for 1850 Ilford Kosse’s papers. 

P.T. 61. Ditto, Ditto, for 186lj 

C.G.II. Results of astronomical observations at the Cape of Good Hope by J.F. W.H. 

R. di. The woodcut diagrams in Lord Rosse’s paper. Philosophical Transactions, 
1861 ; such only being referred to as express some distinct peculiarity not 
elsewhere figured. 

B.A.A. Professor Bond’s Memoirs in vol. iii. N.S. of the Transactions of the Ame- 
rican Academy of Arts and Sciences. 

M.A.A. Mr. Mason’s Memoirs in vol. vii. of the Transactions of the American Aca- 
demy. 

D^Arr. M. D’ Arrest’s Inaugural dissertation and description of the Copenhagen 
Equatoreal, 1861. 

Lam. Dr. Lament’s “ Oeffentliche Vorlesung fiber die Nebelflecken.” Munchen 1 837. 

Lass. Mr. Lassell’s Memoirs in vol. xxiii. of the Transactions of the Royal Astrono- 
mical Society. 

Column 4 contains the number of the Plate in the volume referred to where the figure 
will be found, and column 5 the number of the figure in that Plate. 

The figures annexed to Mr. Dunlop’s catalogue are not included, as for the main part 
they offer no resemblance to the objects figured (when identifiable), and would serve only 
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to mislead. The same remark applies to most of the older figures of nebulae scattered 
through the volumes of the Histoire de I’Academie Fran^aise, and other collections. 
Of the older figures of the nebula in Orion, however, for curiosity’s sake, a list is sub- 
joined. The figures accompanying my Father’s memoir in Philosophical Transactions, 
1811, are also omitted. They do not profess to be resemblances, and are given rather 
as types of certain classes of objects into which he there considers the nebulae to be dis- 
tributable. At least they are made from very rude diagrams. 


References to ^uhlislied figures of Nebulae. 
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* No. 1 179=h. 300. Other figures of the great nebula in Orion will be found in Huyghens’s Systema Satur- 
nium, 1()50; ditto, copied by Le Gentil in Mom. Acad. Sci. Par. 1759, pi. 21. fig. 1 ; Ix) GentU’s own figure in 
do. do. fig. 2 ; by Picard, do. do. fig. 5 ; another by Le Gentil, do. do. fig. 6. Soo also : — 

Mairan, “ Sur la LumiiVo Zodiacale,” copied in Lalande’s * Astronomy.’ These older representations, however, 
are mere curiosities, and present no points of exact n'semblance. 

Messier, Hist, de I’Acad. Sci. Par. 1771, p. 436. ..461. Plate 8 ia a careful and (for the time) elaborate figure. 

J. F. W. Herschel, Mem. Astron. Soc. ii. 1826. 

Do Vico, Memoria intomo ad alcune osservazioni fatto ncl Collogio Bomano nd corrente anno 1838, ncbulosa 
d’Orione osservata al Teloscopio di Cauchoix. 1839. 

Bond. A very fine engraving — not yet published. 

t No. 4447. P.T. 44. xix. fig. 29. There is an erratum in this figure. For Decl. 32®49» n road 22° 49' n. 
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The following nebulee have been indicated by Lord Rosse as being either “ of spiral 
structure (S), having in them dark spaces (D), as knotted (K), or as in the form of rays 
(i. e. much elongated forms) with splits or clefts (R). 
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JAst of Errata and Corrigenda in Sir William IlerscheVs Catalogue of 2500 Nehulce in 

the Philosophical Transactions. 


Class. 

No. 

No. in 
Cata- 
logue. 

Error and Correction. 

I. 

6 

54 

87 

137 

143 

144 

153 

154 

155 
202 
203 

3702 

214 

2274 

1837 

3356 

3846 

536 

549 

778 

2604 

2597 

for f. 3® 56" read f. 33“ 56" 

for f. 12“ 44"; a. 2* 50' read f. 18“ 36"; s. 1® 26' 

for f. 9“ 30" read f. 10™ 30" 

for 42 Lyncis read 41 Lyncis 

for H. 2® 7' read a. 0® 54' 

for n. 0* 24' read n. 2® 7' 

for p. 23“ 16* read f. 23“ 16" 

for f. 1“ 23" read p. 1“ 23" 

for f. 7“ 49" read p. 7“ 49" 

for f, 0“ 47" read f. 7“ 47" 

for f. 7“ 42" read f. 14“ 42" 

II. 

1 

11 

14 

48 

181 

185 

239 

240 

241 

242 

264 

265 
286 
314 
372 
658 
708 

794 

795 

796 
818 
853 

4738 

2824 

2730 

1707 

3214 

3421 

634 

5046 

29 

4973 

1335 

1384 

654 
3528 
2771 
1718 
1788 
f3177\ 
13179 / 
3216 
3224 
4056 

14 

for p. 15"*::, s. read p. 11“ 45", n. 0*^ 17^ 

for f. 1“ 24", n. 0® 24' read f. 1® 13", n. 0® 3(K 

for 3 ( 2 ) Virginia f. 2“ 20", n. 1® 22' read 59 e Virginia ]). 69“ 0", n. 0® IT 
for f. 56"* 45" read f. 54“ 45" 
for s. 0® 48' read s. 1® 15' 
for p. 11“ 0" read p. 1“ 0" 

for 27 (») Persei p. 8“ 20", n. 0® 2' read 30 Pcrsei p. 14“ 41", n. 0® 51' 

for read 39 Pise. p. 2“ 24", n. 1® O' 

for read 39 Pise. p. 14“ 24", s. 0^ 11' 

for 48 (/s) Pegasi read 87 (u) Pegasi 
for 47 (>) Cancri read 25 (>) Canis 
for 1 Can. read { 1 Can. 

for n. read 13 (0 Eridani p. 

for f. 17“ 6/" read f. 15“ 57" 
for p. 74“ 24" read p. 14“ 24" 
for 44 Lyncis read 43 Lyncis 
for 37 Lyncis read 36 Lyncis 

for a. 0® 49' read a. 1® 0' (see note on this No. in Catal.) 

for g. 1® 13' read h. 1® 24' (see note on this No. in Catal.) 
for s. 1® 25' read s. 1® 36' (see note on this No. in CataL) 
for 12 Draconis read 12 Draconis Heyelii 
for p. 26“ 38" read p. 25“ 48*» 

II . 

4 

6 

26 

118 

113 

178 

192 

3228 

3078 

2417 

2577 

1 631 

419 

for 59 (e) Virginia p. 28“ 11" read d Virginia f. 2“ 42", n. 0^ 67'. The obs. belongs ioL 8 

for 20 Com« f. 4“ 30", s. 0® 37' read 26 Comae p. 6“ 5", s. 0® 32' 

for 74 f Leonis f. 10“ 6", s. 1® 52' read Mayer 510. z. p. 61“ 48", s. 1® 10' 

for f Leonis f. 34“ 18", s. 1® 3' read Mayer 610. z. p. 87“ 38", s. 0® 81' 

far 17 (y) Persei f. 9“ 6" read 17 (r) Persei f. 10“ 0" 

for 72 Coti read 62 Ced 
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Table (continued). 


Class. 

No. 

No. in 
Cata* 
logue. 

Error and Correction. 

III. 

195 

199 

256 

289 

293 

319 

347 

353 

369 

422 

423 
511 
607 
627 
739 
751 
778 

684 

628 
1641 
1911 
1974 
3888 
3844 
2440 
3618 
3664 1 
3668 / 
4042 
1645 
1820 
4149 
1897 
3206 

fw f. 42“ 42* read f. 41" 6 * 

for 27 («) Persei p. 8 “ 27’, n. 0 " 2 ' read 80 Persei p. 14“ 44', n. 0 “ 55' 

for s. 0^ 48' read s. 0“ 58' 

for 8 . 0 “ 25' read s. 0® 31' 

for 23 Leonis read 23 Leonis minoris 

for n. 2 ® 26' read s. 2 ° 26' 

for B. 1 ® 17' read b. 0“ 17' 

for f. 53“ 4* read f. 43" 4* 

for 25“ 41’ read f. 25“ 41* 

for n. 0* 44' read n. 0* 36' 

for f. 3“ 5* read f. 3“ 11* 
for p. 12“ 33* read p. 12™ 23* 
for 43 Lyncis read 42 Lyncig 
for p. 32“ 30* read p. 32“ 47* 
for 39 Lyncis read 38 Lyncis 

for 8 . 1 ° 4' read 8 . 1 ® 15^ (soo note on this No. in Catal.) 

IV. 

29 

2255 

for f. 3" 36* read f. 3" 46* 


31 

4802 

for 0 ® 37' read s. 0 ® 37' 

V. 

13 

4368 

for n.0®39' read 8.0®38':: 

vr. 

8 

3967 

for 26 X Virginia f. 23“ 44*, e. 0 ® 6 ' read Mayer 577. z. f. 1" 48*, n. 1" 26' 

VII. 

6 

1509 

/or 50 Ghjininorum read 51 G^minorum 

VIII. 

11 

1534 

for SO Qeminorum read 51 Ocminorum 


28 

1229 

for (IX) Orionia read (lat v) Orionis 


44 

1533 

/or 5 (ff) Can. min. read 4 (y) Can. min. 


The following nebulae are declared in MS. notes to be identical. 

II. 0=1.1; 11.119=11.94; 11.148=11,20; 11.176=11.70; 11.243=11.241; 11. 708=n. 621 ; 

111.6=1.8; 111.198=11.238; 111.835=111.804. 


Errata and Corrigenda in M. Auwers's Catalogue. 


Page. 


For 

Read 

Pago. 


For 

Read 

19 


11. 844 

II 834 

37 

III 946 in DocI 

89® 

80® 

20 

ITT. 291 in DocI 

27^ 

26° 

39 

III. 847 in Decl 

24* 

25® 

34 

II. 30 in R.A 

llh 12 “ 21 * 

llh 11 “ 33 . 

40 

II. 751 in Decl 

20® 44' 

20* 14' 

25 

IV. 59 under 

-6 

-31 

40 


I. 282 

1. 182 

26 

III. 385 in R.A 

16h 

11 “ 

42 

III. 127 

ni. 127 

m. 727 

26 

III. 388 in R.A 

10^ 

11“ 

42 

Do. in R.A. 

14“ 

44“ 

26 

II. 342 in R.A 

lOh 

11“ 

42 

Do. in Decl 

43® 

42® 

28 

in. 814 in Decl 

53® 

54 ® 

72 

No. 27 Decl 

58'-8 

48'-8 

32 


III. 858 

III. 850 

77 

last of Errata, II. 341... 

16" k 11" 

16»A 11- 

33 

III. 778 in R.A 

13 h 37111 

12“ 37“ 

77 

Ditto, III. 680... 

26" k 16“ 

26- A 16- 

. . . 


M. Auwcrs has givon a list of errata and corrigenda reqtiired in my two previous Catalogues. They are very 
numerous, but relate almost exclusively to errors of identification with my Father’s classes and numbers. They 
had been, with hardly an exception, detected and rectified during the process of preparing and arranging the 
present Catalogue, which being therefore expurgated of them, it is unnecessary to annex a list of them hero. 

One very important erratum, however, must bo noticed, not having been sot down by M. Auwers. In 
p. 494, explanation of plates, Phil. Trans. 1833, figs. 13... 18, /or pmbM; vbM; vmbM read psbM; sbM; 
vsbM. 
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SIR J. F. W. HEESCIIEL’S CATALOGUE 


References to 


ICata- Sir J. IT.’s Sir W. IT.’s 


Annual 


Annual 


Right 

AscH'nsion 

for 


Procession ! No. I North Polar Precession No. 


in of 

Right Obs. 


Distance 

for 


'Wue. Catalogues Clas.ses AniWifin- 1800, Jan, 0, Ascension used. 1800, Jan. 0. 
I ^ I XT— Auinoritics. for 1880. ’ 


of Nebulrc. and Nos. 


in of 
N.P.D. Obs. 
for used. 

1880. 


Total 

Summary Description from a ^ 
Comparison of all the 
Observations, Remarks, Ac. i » * 


4014 

4015 

1 HI. 8G8 

2 III. 866 

2, a 

3 IF. 591 


D’Arrest, 1 


R. nova 


III. 147 

2308 III. 461 

2309 

5 IV. 15 


II. 8.^3 


Auw. N. 1 


2312 

7 1 III. 861 
I III. 456 

8 IV. 58 


Auw. N. 2 


III. 183 


A. 507 


11.241 p 
11.243 \ J 

nr. 248 1 

V. 16 


0 0 5 
0 1 13-8 
' 0 1 28-3 
! 0 1 34-2 

0 1 35-7 
0 1 

0 1 37*0 
0 1 52-1 

0 2 33-4 
0 2 47*2 
0 2 57*1 
0 3 14*6 
0 3 25-2 
0 3 31-8 
i 0 3 39-0 
} 0 3 41-7 
! 0 4 22-0 
i 0 5 7-5 
' 0 5 11-3 
! 0 5 31-4 

; 0 5 45-3 
0 5 59-4 
0 6 47*8 
0 6 59*2 

0 7 47-8 
0. 7 53-1 
0 8 0*4 
0 8 8-9 

0 8 18*0 

0 9 14*6 
0 11 6*2 
0 11 

I 0 13 54*8 
i 0 14 5*3 


R. 3? novse ! 0 14+ 


II. 257 


III. 148 


A.18= 1 
47 Toucan! J 


22 

2323 

2324 

2325 
23 
23. o 


D’Arrest, 2 


III. 869 


0 14 18*5 
0 14 28*2 
0 14 30*0 
0 14 36*9 
0 15 9-8 
0 15 10*5 
0 15 55*7 
0 16 56*0 
0 17 38*2 

0 17 47*4 

0 18 39*6 
0 18 49 

0 19 18*9 
0 19 51*3 
0 20 17*3 
0 20 25*1 
0 21 41*4 


+3*07 

3*065 

3*062 

3*073 

3*084 


[4] 63 

3 120 

2 124 

2 86 
2 57 


1 I 64 

1 1 115 

2 147 
(1)! 63 

1 i 147 

2 i 57 

2 147 

... 71 

1 147 

2 59 

1 84 


4 0 
41 11*5 
38 54*5 
7 38*5 

20 43*5 
20 

57 52*5 

3 27*5 
49 57*5 
44 58*5 
48 14*5 

4 58*5 
46 24*5 
25 28*5 
46 21*5 
59 0*7 

43 45*5 

44 3*5 

21 57*5 
15 26*5 


1 59 51 46*5 

1 59 29 20*5 

1 113 57 M*8 

... 84 47 28*8 

1 72 14 19*8 

1 151 6 13*8 

3 129 59 33'8 

1 78 19 68*8 


[4] F;S:R;bet*llan(l*14 ... 0 

3 el* ; cL ; iiiE ; vgvlbM 3 

2 F; cL; vlE; glbM 2 

2 fF; plL; vglbM 3 

2 vF; vS; Sst+neb 3 

0 

3 vFjpS;R;glbM 4 

1 i)H;S;R;bM 1 

1 3Sst + neb 1 

1 vF; cL; inE; gbM 2 

2 vF; S; R 2 

1 vF;vS;8telI 2* 

1 eF;pot'2 1 

2 pB;pL; 1<:0'’+ 3 

2 ccF; S ; It; ft)l'2 2 

... F (Scliinidt 1861, Oct. 10) ... 0 

1 eF;S;R 1 

3 V F; pS; It 4 

1 vF;pS;iF 1 

3 vF; vS; It; v.smbM*10; *12 4 

24r’*4; 25». 

1 cF; *12, 45", 325“ 1 

1 cF; vS 1 

1 eF; L; vgvlb.M; L*cont, f ... 1 

... A nebula (Marlircc Caul 852, 0 

Oct. 22). 

1 vF; S; E 2 

1 eF;S;R;bM 1 

3 vB; vL; vmlE; tri-N Sf 

l::eL;eF;di(r 1 


73 26 48*8 20*04 1 F; S; R^ablVI 4* 


R. nova 


0*7+3*123 


97 6 46*8 S 

60 42 9-1 1 

60 42 

68 24 45*7 S 

68 19 15*7 S 

68 19± 

139 24 41*7 5 

139 26 13*7 S 

139 26 36*7 S 

139 24 21*7 J 

80 17 48*7 5 

61 1 29*7 i 

136 3 13*0 S 

123 19 22*3 ] 

29 26 39*3 ] 

162 51 33*3 1 

6l 33 49*6 1 

68 ^8 20 ] 

19 23 2*6 ] 

124 27 21*9 1 

147 45 22*9 1 

162 18 23*9 ] 

87 66 3*2 1 

87 67 38*6 -1 


1 vF; S; ill; psvlbiVI 3 

1 eF; L; 3or4st + neb 2t 

... Nu 8. 32.. ,37 inci 0 

1 F:S;R;p8bM 1 

1 E; bi>N; SBat near 1 

{ Several F, S (3 novas at 1 . 

least presumed). J 

2 eF; S; R; gl)M; l8tof4 2 

2 cF; vS; R;2ndof4 2 

2 vF; S; R; gbM; 3rd of4 ... 2 

2 F; S; R; gbM; 4th of4 2 

1 F;pL;R;gbM 3 

1 F; vS;R;gbM 1 

1 vF; pS; R; bM; r 1 

2 pB; pL; IE; *14, f 2 

1 CI;pS;pC; stll...l8 1 

4 ©; Jl; vB; vL; vmCM 4t 

2 pF; pL; R; pslbM 3 

[1] vF; S; 3 St near, malciDg 0 

quadr. 

1 Cl; pR; 1C; it9...12 I 

2 vF; pL; IE; D*2',np 2 

2 pB; S; R; mbM 2 

1 pB; pS; IE; vgbM 1 

2 vF; S; bM; D*vnr; pof2... 8 

... Nodescr(MS) 0 
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Annual 


.0.1111 UMi 

No. Eeferencos to Right PrtxMission No. North Polar 

of “ AncenBion in of Distance 

Cata- Sir J. H.’s Sir W. TT.’b Other Right Obs. for 

logue. Catalogues Classes AnfhnW^irti 1800, Jan. 0. Aswnsion used. 1860, Jan. 0. 
ofNobuhr. and Nos. for 1880. 


Annual 


Prooession No. North Polar PrecoBsion No. Summary Doscripfion from a ^o. of 
in of Distance in ot times 


in of 
Right Obs. 


Distance 

for 


N V D O^hs Comparison of all the 

IfiSO. ind H. 


h. 

23, A 

25 
24 

23, c 

2326 

26 

2327 


II. 854 
VIII. 79 


II. 855 


VI. 35 
11.471 


12328/ 


89| III. 870 

90 35 II. 707 


II. 479 

III. 872 
II. 857 
11.856 


III. .595 

II. 860 

III. 873 


II. 858 
V. 18 
V. 36 
11.452 


III. 200 

22.36 

47 II. 209 
2337 

49 III. 244 

48 11.480 


K. nova 


H. nova 


71 

28 


72 

1 29 


73 

: 2329 1 


74 

/M=ll 

j 1 2330 / 

11.478 

75 

i 2331 


76 


III. 467 

77 

1 2332 


78, 

1 

II. 3 

79 

: 32 1 

111.476 

80 

32, n 


81 


III. 954 

82 

1 


83 

i 



1 1 1. 223?? 

84 

33 

III. 871 

85 

2333 


86| 

2334 

III. 223 

87 

2335 


88! 


111.876 


07' +3*123 
4*7 ! 3*077 

6*2 ' 3*302 


K. nova 


D’ Arrest, 3 


D’ Arrest, 4 


0 22 8*7! 
0 22 42*6 j 
0 23 0*2 
0 23 27*6 

0 23 48*3’ 
0 24 3*5 j 

0 24 38*0 I 

0 25 12*7 I 
0 25 .30*6; 
0 26 22*3 j 

0 26 57-8! 

I 0 27 3*7 ! 
I 0 27 14*0' 
0 28 2*9 : 

I 0 28 32*5 ; 

I 0 28 43*0: 
i 0 28 I 

I 0 29 20*1 I 

I 0 29 3.3 I 
1 0 29 41*2 
j 0 30 1*5 j 

I 0 30 2 4 
I 0 30 20-G 
I 0 30 21*5 i 
0 30 46*6 
0 31 0*5, 

0 31 11*4 j 
0 31 15 I 
0 31 40-6 : 


U. nova 


U’ Arrest, 5 


R. nova 


... 87 54 8*5 

2 87 54 38*5 

1 30 33 4*5 

... 87 54 8*5 

2 124 2 2*5 

3 88 41 12*5 

2 124 1 45*8 


.3*332 1 29 16 1*8 

3*096 1 80 k 1*8 

3*057 2 95 55 33*1 

3*367 1 27 29 19-4 

3*243 1 42 16 32*4 

2*971 1 122 33 57*7 

3*042 2 100 28 30*7 


2*513 1 j 

3*0.33 I 1 
2*818 2 I 

.3*044 2 

3*147 1 


.3*039 1 

3*15 [Ij 
3*008 1 

3*076 2 


45*4 3*243 

47*8 .3*2,37 

32*4 3*020 

32 

48*8 3**129 

49*9 2*763 

5*4 3*166 

25*7 2*757 

28*9 2*990 

30*2 3*0.33 

1*0 

2*1 +2*344 


1 I 163 53 11*0 

1 103 25.59-0 

2 I 146 33 23*3 

2 99 32 4*3 

1 66 48 49*3 

... 66 48 

1 100 51 4*6 

[Ij 66 46 18 

1 109 44 5*6 

2 88 48 44*9 

3 120 14 30*9 

1 110 42 9-9 

2 163 56 28*9 

1 82 6 6*2 

1 88 1 7-2 

1 42 26 0*2 

[2j 87 36 6 

1 5 26 27-6 


42 31*5 
25 4*5 

46 25*5 

54 28*5 
57 7*5 
42 54*8 
42 

51 2.3*8 

27 4*8 

55 7-8 

37 24 

52 7-8 
4 49*8 
1 34*8 

38 20*1 
38 

17 8*4 

56 14*4 
16 6*4 
.58 27*7 
48 59*7 

47 1*7 

50 6*6 
9 62*7 I 


5 89 

1 87 

1 87 

... 87 

1 89 
1:: 87 

2 89 
[1] 87 

1 87 
1 49 

1 50 

3 104 

... 104 

2 74 

2 146 

1 65 

2 146 

1 111 
1 100 
... 89 

3 164 


19-90 i 

19-90 I 

19*89 ! 
19-89 i 
19-89 ! 


19-84 

19-84 

19-84 

19-84 

19-84 

19-84 

19*84 

19*83 


... No descr (MS) 

2 pB; vS;lI*:,0^+;bM;fof2 

1 Cl;vL;pR;lC;st9...13 ... 

... No descr (MS) 

2 F; pL; pinE; vgbm; pof2... 

3 pF; cL; R; vglbtn; r 

2 vB; L; vmE, 47^*5; psbM; 

f of 2; #10 327°*9 45 '. 

1 ©;vF;S;eC 

1 F;iF;IbM.... 

2 /F; pL; vlE; vgbM;! 

^ 1 *8*9, 75“+; 5'. / 

1 Cl;pL; IC;8tll...l2;l)*... 
1 vF; vL; ill; g, smbMtll ... 

1 vB; S; IE 90“;siubM#ll ... 

2 pF; pL; IE 90“; vglbM 

1 vF;L;R; VglbM 

1 eF;vS;R 

2 jvF; pS; R; glb.M; 3.stf 

2 F; L; niE; bet 2i‘Bst 

1 jvF; vS; .stellar; #7, 15°, 5'... 

... j.Makes Dneb with h. 32 

1 :eeF;S 

[1] ;F; pL; R; #6, 3'J dist 

1 jvF; pL; IE; 2pBst sf 

2 ivF; S; R; vgbM; #11, 
I 225° + ; 80 '. 

3 |pF; S; viE; umBst 

1 pB; pL; E; gbM; r 

2 ,eF; S; vIE; r; #8 near 

1 ;vF; pL; ill; #iip iiiv 

1 |vF; iS; ill; VgbM 

1 /)B; vL; ill ; vgnibM; r 

[2] F; S; K; IbM 

1 ;CI;vL;R;15O...200stl0... 

1 8. 

1 |ci;pL; R;stll...l5 

1 ivF; L; p of 2; st 15 close ... 

1 :pB;pL;iE0°+ 

5 |F; pS; pmF>; b.M; 1st of 3... 

1 |F;S;vgbM 

1 pB;S;R;vgbM 

... '(?=h. 37 or II. 857) 

1 !F;pS; R;psuib.M;fof2 ... 

1 ;:'pB; pS; R; vgbM; 2iid ol 3 

2 |vF;cL;E;vglbM;fof3... 

[l];F;vS;#8, p27'-7, Is 

1 pB; S; VgbM 

1 vB; vL; niE 165°; vgvmbM 

1 vF;vL;niE0'’ 

3 B; pS; R; psb.M; r; #90 ' + 

... E0°+ 

2 F;S;bct2Sst 

2 vF;S:R;pof2 

2 pF; pS; gvlbM; r 

2 I'F; S; R; amst; f of 2 

1 'eF; vS;lE0°...90° 

1 F; S;lE90°+;glbM 

... .See No. 5058. 

3 F; ill; vgbM; Ist of several 
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References to 


Annual 

Procession* No. 


North Polar 


Annual 

I Precession No. 
in of 

N.P.D. Obs. 
for used. 


Summary Description from a 
Comparison of all the 
Observations, Remarks, &c. 


Total 
No. of I 
times 
of Obs. 
by h. 
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No. 

of 

Cata* 

logue 

Keferencos to 

Bight 

Asoensiou 

for 

18G0, Jan. 0. 

Annual 

Precession 

in 

Bight 
Ascension 
for 1880. 

No. 

of 

Obs. 

used. 

North Polar 
Dislance 
for 

1860, Jan. 0. 

Sir J. H.’b 
C atalogues 
of Nebulrtj. 

SirW. 
Classes 
and Nos. 

Other 

Authorities. 


h. 

H. 


h m s 

8 


0 / // 

168 

2360 



0 48 23*0 

+ 2*151 

4 

162 57 22*3 

169 

2359 



0 48 24*5 

2*844 

3 

128 27 8*3 

170 

76 



0 48 59*6 

3*131 

1 

78 40 51*6 

171 

2361 



0 49 15-8 

2*132 

1 

163 0 0-9 

172 

77 



0 49 25-0 

3*060 

1 

92 31 27*9 

173 

78 



0 49 55*7 

3*240 

2 

60 28 21-2 

174 

2363 



0 50 3 5 

2*675 

2 

i 143 32 6-2 

175 2362 



0 50 10-7 

2*883 

2 

122 43 13-2 

176 79 

11.210 


0 50 11*5 

3*241 

3 

60 24 25-2 

177 

5059 

l|79,ff,5 


K. 2 novos 

0 50 22*3 

3*241 

... 

60 21 31-2 

178 

4007 



0 60 29-3 

2*780 

1 1 

134 35 56-5 

179 

4008 



0 so 36-2 

2*780 

1 

134 30 1-5 

180 

2365 



0 50 36*7 

2-668 

2 

143 43 58*5 

181 

2364 



0 50 40*4 

2*810 

1 

131 12 36-5 

182 

2366 



0 50 51*5 

2-667 

1 

143 39 58-8 

183 

2367 

• s • * « • 

A. 23 

0 51 27*2 

2-078 

5 

163 13 35-1 

184 

2.368 



0 52 10*5 

2*850 


125 53 21*4 

185 

80 

11.433 


0 52 46*1 

3-027 

... 

98 19 51-0 

186 

2369 



0 53 1.3*3 

1-902 

1 

165 12 27-0 

187 

2370 


A. 25 

0 54 19*9 

2*043 

5 

162 56 9’3 

188 

2371 



0 54 45*4 

2-632 

2 

143 69 49-6 

18!) 

81 

HI. 191 


0 55 5*2 

,3*044 

2 

94 59 49-5 

190 

82 

11. 434 


0 56 16*4 

3*032 

1 

97 6 49-1 

191 

2372 



0 S^ 26*8 

2*308 

1 

156 21 30-0 

192 

2374 


A. 65 ?? 

0 67 28*7 

2*022 

2 

162 22 33*0 

193 

2375 


A. 62 

0 67 28*8 

2*069 

3 

161 35 59*0 

194 

2373 



0 57 44*3 

2*828 

2 

125 53 46*0 

195 

83 



0 57 45*8 

3 700 

1 

28 34 5*0 

196 

4012 



0 57 .'■>7*6 

2*745 

1 

1 34 1 50*3 

197 



D’ Arrest, 7 

0 58 53 

3*28 

[i] 

58 20 18 

198 

2376 


A. 31 ?? 

0 58 56*4 

1*969 

5 

162 48 27'9 

199 



D’Arrest, 8 

0 59 21 

3*29 j 

ri] 

57 57 18 

200 

2378 


A. 36 ?? 

0 59 27*3 

1*904 

2 

163 34 23*2 

201 

2377 



0 59 31*7 

2-864 

1 

120 55 63*2 

202 

84 

11.215 


0 59 32*3 

3-289 

3 

58 14 9*2 

203 

85 

II. 216 


0 69 34*3 

3-289 

3 

58 16 41*2 

204 


VIII. 64 

C.H. 

0 59 37*4 

3*703 

I 

29 9 36*2 

205 

86, c/ 


R. nova 

0 59 39*6 

3*289 


58 20 48*2 

206 

86 

11.217 


0 59 40*5 

3*289 

.3 

58 20 16*2 

207 



D'Arrest, 9 

0 59 42 

%*29 

[3] 

58 26 0 

208 



D' Arrest, 10 

0 59 42 

3*29. 

[3] 

58 25 18 

209 

86,5 


R. nova 

0 59 46*3 

3*288 


68 23 20*2 

210 

86, c 


R. nova 

I 0 2*3 

3*288 


58 27 16*2 

211 



Auw. N. 9 

1 0 15*1 

3071 


89 48 55*8 

212 

87 

11.218 


1 0 39*6 

3*299 

T 

57 37 10*1 

213 

87, a 


R. nova 

1 0 


• • • 

69 37 

214 

88 

1.54 


1 0 43*4 

3*361 

2 

51 5 25*1 

215 



D’Arrest, 11 

1 0 45 

3*30 

[1] 

57 36 18 

216 

2379 



1 0 45*8 

1*940 

1 

162 44 .^8*1 

217 



D’Arrest, 12 

1 1 29 

3*30 

C»] 

XtI mo * 

57 59 48 

218 

89 

II. 224 


1 1 39*0 

3*326 

2 

66 2 13*7 

219 

2380 



1 2 5*5 

e 67Q 

1 

1.^7 *ii>n 

220 

2381 



1 2 39*6 

* w/a 
8*041 

1 

1 

1 04 HO u 

221 


11.219 


1 2 44*2 


JUV 04 HO 0 

57 .^4 

222 


IT. 220 


1 2 44*2 

0 ovv 

-I- 3*306 

[11 

04 Olt U M 

57 34 0*3 


Annual 

Precession 

in 

N.P.D. 

for 

1880. , 


No. 

of 

Obs. 

used. 


8 iunmary Description from a 
Comparison of all the 
Observations, Bemarks, Ac. 


Total 
No. of 
times 
[of Obs. 

by h. 
land n. 


19’59 

19*59 

19*58 

19*57 

19*57 

19*56 

19-56 

19*56 

19*56 

19*56 

19*55 

19*55 

19*55 

19*55 

19*54 

19*53 

19*52 

19*50 

19*50 

19*49 

19*48 

19*45 

19*43 

19*40 

19*40 

19*40 

19*40 

19*40 

19*39 

19*37 

19*37 

19*36 

19*36 

19*36 

19*36 

19*36 

19*36 

19*36 

19*36 

19*36 


19*36 

19*35 

19*34 

19*34 

19*33 


4 

5*t| 

1 

1 

1 

2 

2 

2 

4 

0* 

1* 

1* 

2 

1 

1 

5 


19*33 

19*33 

19*33 
19*31 
19*31 
19*30 
19*S9 
19*29 
■ 19*29 


4 pB; vS:R; plbM;r 

4 pB; vL; vmiE; vgpmbM . 

1 Cl; S; Best 

1 F; vS 

1 pF;S;E 

2 pF; vS; R; gb.M 

2 F; S; R; *12 f 90'’ 

eF; vS; R; pB# f 2' 

pB; pL; R; gbM; *9< 3' 135'’! 
fF; S; R(£ofL(ml 
' For b, see No. 5059. j 

eF; vS; R; IbM 

vF; vS; R; IbM; 3stp 

pF; S; R; bM ; p of 2 

(>)F; S; stellar 

jvF; IE; vgbM; f of 2 

0; vB: S; IE;st 13... 15 .. 

vF; S; R; glbSl; ‘istlls 

pF;L;E0°+; glb.M; #10, 
f 20>*5. 

1 ;F;L;R;vgbM 

5 |B; L; viF; mb.MD*; r I 5^ 

2 :eF;S;R ' 

2 ipF; S; iE; ♦8f97* 

3 IF; S; ill; sb.M ; *14nl 20"... 

1 jeF; vmE 145®*4; vlbM 

I 2 |vvF; pL; vlE; vgb.M 

' 3 10; vB; vL; vC; vmb.M; si 
i 13...14. 

1 2 F;S;R; glb.M 

i 1 ,CI;S 

I 1 eF; vS; *7’0sp3' j 1* 

[l] vF; *13,815"; mdiff 1 0 

j 5 lCI;F;L; R;pC;stl4...l6.: 5 

i ... jF; S; bet 2stl5 ..? j 0 

:©;B;S;R ; 2 

vF; S; R; gbM 

pF;S;R ;bM; 1st of 3 

pF; S;R;sb.M;2ud of 3 ... 

CI;pC , 

ly' in Lord R.’s diagranr 1 0* 

'pF;pL;R;gbM;3idof3...! 4* 
pol Diieb; vF; pS; 
fA.R.A.=0 1 
\ik.P.D.=93"i 

j[3]|vF;R;pS:fofl)neb 

in Lord R.’s diagram 

|9 in Lord R.’.s diagram 

F nebula (Bond, .Ian. 1853) . 

F; vS; R; mbM; bet2st ... 

makes a D neb with b. 87 ... 

F; vS; vIE; gb.M ; 4Sstnr ... 
[lliF; S; pos from h. 87=40°; 
dist47". 

vF; pL; R; glbM 

vF;.S;R;*10fl»*8,8 80''... 
!pB;cL: R;gbM;/3i4nrfrom.nr| 

eS; stellar; =:«7m 

F; vL; R; vgIbM 

eS; F; p of D neb 

; f of O neb 


1 


2 

4 

4 

1 

2 

4 

2 

1 


I? 

i 3 
I 3 

I » 

! 3 
;[3] 


2 
1 
1 

(Oipl-i 


1 

4* 

4* 

1 


0* 

0* 

0* 

0* 

0* 

2 

0 

4* 

0 

1 

0 

3 

1 

1 

1 

1 


iii><x*CLxiy. 


H 


60 


Sm J. F. W. HERSCHEL’S CATALOGUE 


No. 

of , 

Cata-' Sir J- H-’s 
Ilo(rue.l Catalogues 
of Nebulas. 


Reforencos to 


SirW.n.’s 
Classes 
and Nos. 


Other 

Authorities. 


Bight 

Ascension 

for 


1860, Jan. 0. 


Annual 
Precession 
in» 
Right 
Ascension 
for 1880. 


!223 

224 

223 

226 

227 

228 
229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 
2421 
243; 
244! 
246 I 
246: 
247! 
2481 
249 ! 
250; 

251 

252 i 
2o3 j 
254! 
255 I 


h. 

2382 

2384 

2383 

2386 

2385 

2387 
90 


H. 


III. 15 
III. 15 



A. 36? 


4 


[ 162 ] 

2388 

2389 

91 

91, ff 

2390 I 

92 ! 


95 

2391 
94 

2392 


III. 592 


III. 593 
II. 622 
11.447 


VII. 45 


U. nova 


2393 

2394 
2396 

2395 


96,0 


2397 

: III. 440 

2399 i 


D’ Arrest, 13 
D’Arrest, 14 
K. nova 


A. 7, 10? 


h 

m 

B 

1 

3 

9*2 

1 

3 

27*6 

1 

3 

37*2 

1 

3 

39-2 

1 

3 

67*5 

1 

4 

4-2 

1 

4 

25*7 

1 

4 

26*1 

1 

4 

28*3 

1 

4 

41 *6 

1 

4 

57*6 

1 

5 

41*2 

1 

5 


1 

5 

43*8 

1 

5 

46*4 

1 

5 

49*2 

1 

5 

51*7 

1 

6 

16*1 

1 

6 

16*3 

1 

6 

27*6 

1 

6 

36*9 

1 

6 

53*4 

1 

7 

7*0 

1 

7 

12*4 

1 

7 

13*1 

1 

7 

16*6! 

1 

7 

21 

1 

7 

51 

1 

8 


1 

8 

29*3 : 

1 

8 

35*1 1 

1 

8 

48*8 : 

1 

9 50*6 ! 


+ 2*800 
1*908 
2*801 
1*861 
2*849 
1*814 
3*303 
3*303 
1*890 
2*855 
2*768 
3*066 


2*826 

3*065 

3*074 

.3*066 

3*324 

2*340 

3*732 

2*430 

3*703 

2*761 

2*823 

2*423 

2*823 

3*32 

3*32 


3*306 

2*480 

3*061 

1*668 


'No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

No. 

of 

Obs. 

used. 

Summarj Description from a 
Comparison of all the 
Observations, Hemarks, &o. 

1 

126 

/ 

31 

// 

25*9 

- 19-27 

1 

eF; S; R; vS4tnr 

1 

162 

30 

42*9 

19*27 

1 

oF; pii ; R ; gvlbM 

2 

126 

14 

35*2 

19-26 

2 

vF;S;ll;gIbM 

4 

163 

6 

23*2 

19-26 

4 

F; pS; R; gbM 

3 

120 

67 

48*5 

19-25 

3 

F ; pL ; It ; vglbM ; p of 2 ... 

1 

163 

37 

59*5 

19-25 

1 

1 

58 

37 

12*8 

19-24 

1 

F; pS; It; bM 

1:: 

58 

36 

22*8 

19-24 

1:: 

eF; vS 

1 

162 

30 

54*8 

19-24 

i 

vF 

2 

119 

58 

44*8 

19-24 

2 

eF; S; E;glbM; fof2 

1 

128 

49 39*1 

19*23 

1 

vF;vS;R;ilbM 

1 

91 

3 

7*7 

19*21 

1 

vF;vS;R 

... 

91 

3 



• • • 

Forms a A with h, 91 & 92... 

2 1 

122 

49 

44*7 

19-21 

2 

2 vSst+F neb 

1 

91 

4 

22*7 

19-21 

1 

eF; eS 

1 

89 

45 

44’0 

19-20 

1 

F;L;R;bM;er 

1 

90 

59 

22*7 

19-21 

1 

F;vS;R;vsbM# 

1 

57 

1 

50*0 

19*20 

1 

F; S; vsbM 

1 

152 

20 

39*0 

19*20 

1 

F; S; R;gbM; «12f 

1 

30 

36 

52*3 

19-19 

1 

C1;S;1C 

2 

148 

69 

52*3 

19-19 

2 

B; S;' R; psbM 

2 ! 

31 

56 

6*6 

19*18 

2 

CI;S;iF;pC 

2 

128 

38 

59-9 

19*17 

2 

pF;S;R:gIbM 

2 ' 

too 

I 

29 

25*9 

19-17 

2 

pB; S; R;gbM 

2 

149 

1 

44*9 

19-17 

2 

iF;vS;R 

2 

122 

32 

55*9 

19-17 


pF;S;R;gbM 

[1] 

57 

31 

18 

19-16 

[1]! 

F;S; R; *15 p, 8’*3, 270°... 

[2] 

67 

40 

42 

19*15 

[2] 

F; pL; bM; *11 nr 


59 

43 



vF; mEl35°Hr ; IbM; nph.96 

1 'i' ■ 

59 

42 

41*8 

19-14 

i 

vF; E; ♦Onp; aS^uf, vnr 


146 

8 

37-8 

19-14 

1 

vF; S; R; bM 

1 f 

91 

36 

19-1 

19*13 

1 

vF; vL 

i 3 ; 

164 

2 

15*0 

19-10 

4 

pF; pL; ill; r; 1st of sev, 


256' 

97 ! 

VH. 42 

257 

2401 


258 

1 : 

IM. 205 

259 

i 2402 


260 

{ 2400 


261 

1 2404 

i 

262: 

! 2403 

i 

263 

! 99 

111.250 

264 


1. 108 

265 

98 


266 



1267 


III. 206 

1268 

100 

III. 577 

1269 


III. 251 

I270I 

101 


|271 

2405 


272 

102 

III. 156 

273 

1 2406 


274 

i 


275 

j 10.‘5,«. 


276 

1 103 i 

III. 252 

277 

j 103,5 


278 

i I 

III 157 

279 

, 

2407 



280 

103, c 


281 ! 

1 105 

111. 594 

282 j 

104 




1 10 24*8 1 

A. 60 ? 

1 10 40*8 i 


1 10 41-4 ; 

A. 8, 10? 

1 10 48*6 


1 10 54*4 j 

A. 9 ? 

1 11 42*31 


1 11 43*3; 


1 11 56-61 


1 12 1-0 ; 


1 12 2*9 i 

D’. Arrest, 15 

1 12 41 i 


1 12 41*2; 


1 13 19-9, 


1 13 21*4 


1 13 47*2 


1 14 3*5; 


1 14 6*0 1 


1 14 7*3 i 

D' Arrest, 16 

1 14 29 

R.nova 

1 14 29 

st.fy******* 

I 14 31*2 

Rs nova 

1 14 46*4 


1 14 5)*3 


1 14 53*5 

R. nova 

1 14 67-1 


1 14 59-5 


1 15 4-4 


I 

3*722 ! 1 I 32 24 35*3 

1*799 ; 2 162 17 13*6 

3*198 ' 1 73 4 51*6 

1*650 4 164 2 41*6 

2*794 ; 1 ; 124 6 11*6 

1*629 1 164 4 36*5 

2*365 ^ 1 : 149 38 46*5 

.3*091 ! 1 i 87 25 16*5 

3*091 ; 1 ! 87 30 1^*5 

3*335 : 1 j 58 1 65*5 

3*.33 [2]; 58 2 0 

3*192 ! 1 i 74,^4 65*1 
3*428 i 1 j 50 14 18*7 

3 092 ! 3: I 87 22 9-7 


3*119 

1:: 

' 83 43 2 

2*691 

1 

131 42 52*3 

.'i*350 : 

1 

67 17 30*3 

2*333 ' 

2 

149 16 33*3 

3*14 

[1] 

81 31 48 

3*107 


85 24 26*6 

3*107 

2 

85 28 25*6 

3*107 

• •• 

85 21 47*6 

3-.351 

2 

57 15 28*9 

2*772 

2 

124 48 15*9 

3*107 

• • • 

85 18 87-6 

3*075 

1 

89 47 7-2 

+3*352 

1 

57 33 18-2 


ueb and st. 


19-09 

19-08 

19-08 

I9-O8 

J 

1 

Cl; B; L;pR;8t7, 8. 10 ... 

pF; L; R; vgbM 

eF 

4 

F ; pL ; ill ; gbM ; r ; 2nd ofsev. 

I9-O8 

1 

pB;R;glbM:? 1° in P.D.... 

19-05 

1 

pB ; pL; iF; 3rd of sev 

19-05 

1 

vF; it; gbM; 30 

19-05 

1 

pB; pL; R; ginbM; p of 2... 

19-05 

1 

cB; vL; iR; pB*f 

19-05 

1 

vF; eS; stellar 

19-03 

[2] 

eF; vS; *9pl4'; vdiilic 

19-03 

1 

eF; S 

19-01 

1 

vF; pS; vIE; VglbM 

19-01 

3: 

pB; *S; smbM; f of 2 

19-00 

1 

cF; pL; R; red ♦7*8, 225°.,. 

18*99 

1 

eF; IE 

18*99 

1:: 

vF; eS; Ist of 3 

18*99 

2 

vB; S; IE; psnibM 

18*97 

[1] 

pB;S;E 

18*98 


Y in Lord R. s diagram 

18*98 

2 

pB; L; R; svnibM; #7fl”... 

18*98 

... 

(i in Lord R.’s diagram 

18*97 

2 

vF; S; 2nd of 3 

18*97 

2 

B; S; vIE; bM; vS*nr 

18*97 

• • • 

9 in Lord R.’s diagram 

18*96 

1 

vF;L;mE69°+;IbM 

18*96 

1 

vF;E;:i 


Total ' 
No. of 
times 
of Ohs. 
by h. 
and H. 


1 

2 

2 

4 

3 

4 
2 
1 
1 
2 
1 
2 
0 
2 
2 
1 
3 
1 
2 
1 
2 
2 
2 
2 
2 
2 
0 
0 
0 
1 
1 
1 
3 

3 
2 
1 

4 
1 
1 
1 
4 
1 
1 
0 
1 
2 
3 
1 
1 
3 
2 
0 
0 
3 
0 
2 
2 
0 
2 
1 






OP NEBULA AND CLUSTERS OP STARS. 


ReferenoM to 


Cato- Sir J. H.’s SirW. H.’s 
logue. Catalogues Classes 
ofNebulte. and Nos. 


Other 

Authorities. 


Annual 

Bight Precession No. 

Asoension in of 

for Bight Obs. 

1800, Jan. 0. Ascension used, 

for 1880. 


North Polar 
Di^nce 

1800, Jan. 0. 


Annual 

Precession No. 
in of 
N.P.b. Obs. 
for used. 

1880. 


Summary Description fh>m a 
Comparison of all the 
Observations, Bemarks, Ac. 


III. 158 


III. 169 
III. 160 

111 I III. i 69 
II. 

III. 167 

iii.Tes 

Ili.253 
II. 461 


I. 151 


309 2408 

310 2409 


III. 556 
n.*462 


316 2410 


324 2413 


R. 5 UOV8B 
R. nova 

R. nova 
D'Arrest, 17 


D* Arrest, 18 


D'Arrest, 19 


R. nova 


D’Arrest, 20 
D’Arrest, 21 


D’Arrest, 22 


R. nova 


R. nova 


D’Arrest, 23 


2.181 ssM.103 

128 1.100 

128,0 ...... R< nova 

III. 431 

129 

130 


15 

15 

16 19*6 
15 23‘2 
15 35 

15 36*6 
15 38 
15 48*0 

15 49*0 

16 7*8 
16 34*4 
16 35*8 
16 45*3 
16 48 

16 48*8 
16 

17 19*4 
17 19*8 
17 22 
17 25 
17 26*8 
17 31 
17 35*1 
17 37*5 
17 44*6 
17 

17 51*6 

17 51*6 

18 19*5 
18 22*9 
18 24*6 
1% 

18 26*6 
18 51*2 
18 52*4 
18 55*2 

18 55*2 

19 6*8 
19 27*2 
19 33*1 
19 42*9 
19 56*5 

19 56*5 

20 10*3 
20 21 
20 34*8 

20 39*9 

21 10*0 

21 37*4 

22 20*5 

22 43*5 

23 15*2 
23 43*9 
23 47*8 

23 59*8 

24 18*7 
24 

24 22*2 
24 33*4 
24 35*7 


1 86 
2 89 
[2] 80 

[1] 56 
1 81 

[2] 81 

3 12.i 


67 33 
67 16 
67 16 46*5 

85 20 17*6 
57 31 18 

67 36 31*8 
81 41 6 
57 28 37*8 
57 26 62*8 
56 49 53*1 

56 56 28*4 
77 49 10*7 

57 16 37*7 
81 10 6 
67 18 37*7 
57 18 

86 55 16*3 
89 0 21*3 

80 44 24 
56 42 18 

81 11 50*3 
81 1 12 

12.1 48 8*3 
125 51 0*3 


3*008 
3*059 
4* 3*008 


12.1 48 8*3 

125 51 0*3 
56 1 31*3 
56 1 

81 28 4.3*6 
81 29 30*6 
88 58 4*9 
128 52 11*9 
56 2 19 
56 2 
56 39 5*2 
128 48 57*5 
128 47 17*5 
92 3 64*5 
92 3 54*5 
128 44 40*8 

56 4 7*1 
88 42 53*1 
53 32 28*1 

67 16 7*4 

57 16 7*4 
27 25 64*7 

56 25 18 
92 40 8*0 
92 37 8*0 

68 23 57*6 

126 27 1*2 
130 2 23*8 
126 19 27*1 
142 18 52*7 
113 23 44*0 

57 6 32*0 
30 2 9*3 
97 35 25*6 
97 85 

97 36 39*6 
91 38 46*6 
97 36 47*9 


... No descr Nos. 283. ..287 inci 

... No description 

2 pB; p^,* U; 3rd of 3 

... s in Lord R.’s diagram | 0 

[3] vF; S; ohs. with H. 157, 158, 

159, 160. 

1 No description 

[2] cB;S;R;bMN 

2 vF; pL; R; bM; p of 2 

1 vF;S;fof2 

1 vF;vS 

1 F;S; stellar 

2 F;L;lE;vgIbM; :f 

1 Stellar; p of 2 

[2] eF;S:vdiffic;I151f41' .. 

1 pB; R; stellar; fof2 

... S;R;bM 

1 F;cL;E135°+ 

2 F;pL;R;gb.Vl 

[2] eF; pL; iF; ?Cl+neb 

[1] iDneb; vF; 90°po8 

1 IvB; pL; mbM; 4S st nr | 2 

[2] 'vF; vS; * ll*12p5' 

3 P; S; IE; pof2 

3 F; S;IE;bM;fof2 

1 JiB; vS; sbM; pof 2 

... One of 4 neb nr h. 120 

1 vF; pL; mE 15°j; 

1 Not vF; L; R; bM 

2 pB; pL; R; gniltM 

2 eeF; S; R; vgbM{ 1st of 4.. 

1 pB; pL; gbM; f of 2 

... One of 4, see h. 118, 120 .. 

1 Stellar 

2 eeF; S; R;.vgbM; 2ndof4.., 

2 jeeF; S; R^ vgbM ; 3rd of 4... 

1 jstellar; p«f t) neb 

1 i Stellar ; f of D neb 

1 jeeF; S; R; VgbM; 4th of4... 

1 IStellar 


2 (F; S; E90°; bM;r 

1 vF; S; E; vglbM; *13 nr ... 

1 jvS; stellar; pof 2 

1 vS; stellar; fof2 1 

1 Cl; B; pL; pRi; st mm 2 

[l]eF;pL;R 0 

1 vF; vS; iE; pof2 1 

1 vF; vS; iF; fof2 1 

1 vF;S;R 1 

1 vF; S; R 1 

1 eF; S;atttoS*; B*nr 1 

2 vS; Jpos225°inv 3 

1 F;S;R;b.M;am8tll 1 

1 B;L;pinE;gpmbM 1 

1 vF; pL; gbM 1 

2 Ici; B; R; Ri; pL; stl0...11 

3 IvB; pL; R; mbM; pof 2 ... 

... INo description 

(l)eF;S;fof2 1 

1 vF;S;R;bM 1 

1 vF;vS;R 1 
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SIB J. F. W. HERSCHEL’S CATALOGUE 


References to 


Sir J.H.’s 
. CsUlogues 
of Nebulie. 


ISirW. H.’el 
Claeses 
and Nos. 


Other 

Aut^rities. 


Bight 

Annual 

Precession 

No. 

of 

Obs, 

used. 

North Polar 
Distance 
for 

18G0, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 
for ' 
1880. 

“ Ascension 
for 

1860, Jan. 0. 

in 

Bight 
Ascension 
for 1880. 

h ni 8 

1 24 40 

s 

+3'41 

[1] 

0 t it 

55 26 18 

-18*66 

1 25 0 

3'35 

[2] 

60 5 0 

18*65 

1 25 28 

3*35 

[2] 

60 5 0 

18*64 

1 25 53*4 

2*737 

2 

124 13 32*1 

18*63 

1 25 54*1 

3*006 

1 

97 44 13*1 

18*63 

1 25 56*3 

3*358 

1 

60 3 50*1 

18*63 

1 26 1*4 

2*960 

1 

102 53 18*1 

18*63 

1 26 15*0 

3*003 

1 

98 2 38*4 

18*62 

1 26 17-0 

3*361 

1 

59 57 47*4 

18*62 

1 26 24-6 

1*.327 

2 

164 16 37*4 

18*62 

1 26 33*5 

3*355 

:: 

60 31 53*9 

18*61 

1 27 18*1 

3*002 

• • • 

98 5 42*6 

18*58 

1 27 23*6 

3*399 

1 

57 4 11*6 

18*58 

1 27 44-5 

2*690 

1 

127 13 26*9 

18*57 

1 27 47*4 

2*780 

3 

120 7 37*9 

18*57 

1 27 5.3*1 

3*401 

1 

57 2 16*9 

18*57 

1 28 18*0 

3*001 

1: 

98 2 43*5 

18*55 

1 28 19*5 

3*399 

1 

57 19 26*5 

18*55 

1 28 37*9 

2*687 

1 

127 12 19*8 

18*54 

1 28 48*9 

3*072 

1 

90 2 2.5*1 

18*53 

1 28 50*4 

2*686 

1 

127 12 40*1 

18*53 

1 28 55*4 

2*976 

1 

100 43 .34*1 

18*53 

1 28 57*2 

2*612 

1 

132 9 23*1 

18*53 

1 29 2*6 

2*647 

1 

129 51 50*1 

18*53 

1 29 9-2 

.'1*405 

1? 

57 7 44*4 

18*52 

1 29 IM 

3*211 

2 

74 55 46*4 

18*52 

1 29 14*4 

4*681 

• •• 

17 49 45*0 

18*50 

1 29 27*8 

2*642 

1 

130 3 42*7 

48-51 

1 29 59*6 

3*119 

1 

84 50 14*0 

18*50 

1 30 9-9 

2*669 

2 

128 2 13*0 

18*50 

1 32 7-6 

2*997 

2 

98 13 12*4 

18*42 

1 32 8*2 

4*132 

1 

26 40 32*4 

18*42 

1 32 32*0 

2*759 

3 

120 38 10*7 

18*41 

1 32 38*7 

2*575 

2 

133 14 25*0 

18*40 

1 32 39-3 

2*759 

3 

120 37 15*0 

18*40 

1 32 40*7 

0*929 

2 

166 16 4*0 

18*40 

1 32 50*9 

2*573 

2 

133 18 22*0 

18*40 

1 32 55*1 

1*907 

1 

165 36 37*3 

18*39 

1 33 28*5 

3*334 

1 

39 8 52*4 

18*37 

1 33 37*5 

.3*734 

1 

39 7 27*4 

18*37 

1 34 28*0 

4*062 

2 

28 49 19*8 

18*34 

1 34 41*6 

.3*856 

1 

34 49 52*1 

18*33 

1 34 45*0 

4*018 

1 

30 0 37*1 

18*33 

1 35 35*6 

3*199 

1 

77 4 36*0 

18*30 

1 36 23*8 

3*366 

1 

62 0 24*9 

18*27 

1 36 29'2 

4*055 

1 

29 27 40*9 

18*27 

1 36 30*8 

3*107 

1 

86 28 36*9 

18*27 

1 37 15*0 

3*165 

2 

80 17 10*8 

18*24 

1 39 33*1 

3*365 

2 

62 48 58*2 

18*16 

1 40 0-8 

.3*360 

2 

63 16 26*8 

18*14 

1 40 35-6 

3*183 

2 

79 10 46*7 

18*11 

1 41 29 

3*30 

0 ] 

68 21 3 

18*08 

1 41 34*5 

3*299 

2 

68 42 50*6 

18*08 

1 41 37*9 

3*126 

2 

84 47 12*6 

18*08 

1 41 51*1 

+ 3*482 

1 

54 53 51*9 

-18*07 


No. 

of 

Obs. 

used. 


Summary Description from a 
Comparison of all the 
Obserrations, Remarks, Ac. 


Total 
No. of 
times 
of Obs. 
by h. 
and H. 


1 388 I 
3891 

390 I 

391 

392 

393 

394 

395 

396 

397 

398 

399 

400 

401 


h. 


2419 

132 

131 


133 

2421 


H. 


359 
360! 

361 = 

362 ! 


2430 

2432 

2431 
2435 

2433 

2434 


145 

146 


149 

150 


151 


ir.473 
III. 432 
III. 150 



1. 284 

III. 174 
II. 282 


11.283 
iVII. 49 


1. 193 
VII. 46 


VIII. 65 
II. 253 
11.610 
VI. 31 

11.588 

11.611 

I. 157 

II. 589 

II. 228 
IV. 42 

III. 175 


D’Arrest, 24 
D’Arrcst, 25 
D’Arre.st, 26 


M. 33 


A. 17? 

R. nova 
D’Arr. = 1 
Auw.N.15 j 


M. 76 


C.H. 


A. 479 


M. 74 
Auw. N. 16 


D’Arrest, 27 


[ 1 ] 

[ 2 ] 

[ 2 ] 

2 

1 

1 

1 

1 

1 

2 


1 

1 

1 

1 

2 

a 

1 

2 

1 

1 ; 

2 

1 

1 

2 

2 

1 

3 

3 

3 

2 

2 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

2 
2 
3 
2 

[ 1 ] 

2 

2 

1 


vvF; S; ?rr 

F ; M. 33, f65': another f28' 

F; pL, for2 

F;S; R;bM 

pB; R; bM; r; ♦6,f47’’5 
1; eB; eL; R; vRi; vgbMN; 
rr. 

F; S; iF; er 

g0p 

vS; R; vvIbM 

B; S; R; psbM*; r 

S, a neb or Cl with 38tinv... 
f Nebulous ♦!!, m (D’Arr, 
\ Resultate). 

vF; psbM ; stellar 

F; vS; R; *12, p 


fvB; vL; vmE, 118°’3;1 
\ sbM; *34°*6, 6'*5. / 


pF ; psbM ; stellar 

pB; pL; HE; gmbM; r; *8,1 
nplO'. 

pB;pI.;bM;*f,2"51»... 

eeeF; vS; R; pof2 

eF; pL; notbM 

F;S;R;fof2 

eF; S; am vSst 

B; pL; tnE; gpmbM 

pF; S; 11; bM 

vF; R;fof2 

0; F; vL; R; vg.psmbM; rr| 
iF; 3!*t+neb(Struve, 2.2)... 

pF;S; R;bM..... 

pB; S; R; psbM 

pB; S; R;gbM; Jnp 

pB; vS; R; mbM; r 

Cl; pS; L& vSst 

vF; vS; pof 2 

F ; S; R ; gpmbM ; p of 2 ... 

vF; pS; R; gbM; stf, nr 

vF; pS; R; vglbM 

F;S;vlE;glbM;fof2 

vF; iR; vglbM 

vB:porDneb 

vB; fof Dneb 

Cl; iF; Ri; one* 6*7; stll 
...14. 

Cl; pRi; stl2,m 

Ci;S;lRi:stL 

pB; pL; E; bM; r 

F;S;R;bM;r 

Cl; B; L; eR; stpL 

vF;S;R 

F; S; IE; bM; r 

F;S;1E0'»+ 

F;E0‘’...96®;bct28t 

F; pL; E; IbM; *nf, 2' 

pB; vmE; «14, f8' 

pB; S; iU; mbM; l8tof2 ... 
vF; vmE,l65®j:» •'^M*9 ... 
F; stellar 


0 

0 

0 

2 

7 

14t 

1 

1 

5 

2 

0 


0 * 

1 

1 


2 

4 

1 

1 

2 

1 

2 

3 
1 
1 

lit 

0 

1 

1 

2 

4 
1 
3 
3 

3 
2 
2 
1 
2 
1 

4 

1 

1 

1 

3 

1 

1 

2 

3 

4 


St 

1 




OP nebulj: and clustebs of stabs. 
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Referenoea to 



Annual Annual 

Right Preceaalon No. North Polar Precession No. 

Ascension in of Distance in of 

Other Right Ohs. for N.P.D. Obs 

Authorities Ascension used. 1800, Jan. 0. for used 

for 1880. 1880. 


jjj oummary Desenphon from a 

N.P.D. Obs. Comparison of all tlw 

for used Observations, Bemarb, 4c. 
1880. 


11. 229 

152 11.612 

!436 II. 481 

163 

154 11.501 


I 41 57-7 +3*299 

1 42 3*5 3-369 

1 42 17-0 2*959 

1 42 17*6 3*186 

1 42 18*3 2-910 

1 42 20*7 2*290 


68 44 49-2 
63 3 33*2 
101 7 2*5 
79 0 17*5 
105 39 54*5 
143 29 3*5 


= > 111.459 1 42 21*3 2*808 1 114 29 31*5 


..... III. 561 
11.617 

411 2439 

2 156 11.859 


11.618 


D’ Arrest, 28 


III. 179 


= > I. 62 
442 J 

158 III. 192 

.... III. .564 

.... III. 565 

157 III. 562 


R. 3 nova; 


1 42 25*7 
1 42 55-7 
1 43 2*1 
1 43 10*9 
1 43 13 
1 43 29*0 
1 43 32-7 
1 43 39-3 
1 43 42-0 


3*492 1 

3*299 1 

2*393 2 

3*129 1 

3*30 [1] 

3*309 1 

2-652 1 

.3-307 2 

2-653 1 


54 21 52*8 
68 56 54*1 
139 19 59*1 
84 33 6*4 
68 42 18 
68 7 54*7 
125 38 52-7 
68 20 25-0 
125 .34 5*0 


1 44 8-0 2-964 1 100 23 45*6 
1 44 17-0 3*024 2 94 44 57*9 


1 44 2.5*9 
1 44 25-9 
1 44 27*3 


161 11.596 1 44 30-7 

159 III. 563 1 44 34-3 i 

162 55 Androiii. 1 44 65-91 


163 

164 11.270 

leoi 

= > 1.105 

143 


144 

167 

145 

168 

439 1 2446 


D’ Arrest, 29 
D’ Arrest, 30 
D' Arrest, 31 


1 44 56-2 
1 45 56-9 

1 46 12*4 

1 46 19 
1 46 .32 
1 47 5 


III. 460 1 47 13 9 


III. 266 


1 47 14*6 
1 47 43*1 
1 47 47-9 
1 47 60*1 
1 48 6*0 


54 35 56*9 
54 35 56*9 
54 31 58*9 

54 32 

84 24 17-9 
54 33 1-9 
49 57 41*5 

53 52 9-5 
86 29 23*7 

104 25 39-0 

70 50 18 

51 18 3 

69 59 18 

114 26 46-2 

114 33 21*2 
126 34 24*8 
86 29 14*8 
126 32 0-8 
99 38 5*4 


UI.265 1 48 17*0 2*968 r 99 44 29*4 


11.221 

... 111.176 

169 

169,0 ....!! 

169, b 

169, c 

17 * 11.271 

173 II. 272 

170 

171 


R. nova 
R. nova 
R. nova 


1 48 26-0 
1 48 33*4 
I 48 33*9 
1 48 34*5 
1 48 38-4 
1 48 47*9 


1 49 7-6 


3*46.3 1 

3*483 1 

3*463 3 

3*463 ... 

3*463 ... 

3*463 ... 

3*126 1 

3*126 1 

4*127 1 
+3*953 1 


57 38 16*7 

56 23 6*7 

57 38 53*7 
57 38 25*7 
57 38 0-7 
57 40 30*7 
85 3 29*3 
85 3 41*3 
30 30 49*6 
35 13 13*6 


i 2 pB; S; iR; rabM; 2nd of2... 2 

1 1 F;vlE,90°;*l5,nr 2 

I 1 pF; cL; R; glbM; S*p,90".. 2 

I 1 eF 1 

I 1 cF; S; R; gvlbMN 2 

I 1 F; vL; R; vgvlbM 1 

1 vF; vS; Kj gbM; er; 28tnr.. 4 

1 vF ; stellar I 

1 F;cL;vglbM 1 

2 B; S; R; gbM 2 

1 pF; S; E90°j vglbM; *10, nf 2t 

[1] F; S:R: bet2stl5 0 

1 vS; stellar 1 

1 F;S;R 1 

2 F; cL; E; mbM 2 

1 eF; S 1 

2 F; pL; E; vgvlbM; r 4* 

• 

3 eF; v1E0°+,*13,8,90" 4 

1 Stellar; 3rd of 4 1 

1 Stellar; last of 4 1 

1 vF; stellar; Ist of 4 2 

... Near h. 157, 159 0 

1 F;S;bM; *13 1', n 3 

1 F; pL; bM; 2nd of4 2 

1 Fine nebulous » with strong 1* 
atm. 

1 vF ; R ; am pBst 1 

2 pB; S; ill; psmbM 3 

2 cB; pL; IE; psmbM 3 

[1] eF;R;*19,f 0 

[l]eF;pL 0 

[3J vF; vS; R; /3 Arietis in field 0 

2 pF; vS ; R ; vgbM 3 

1 vF;pL;R;gbM;S*195°... 1 

1 F;S;R;bM 1 

1 Suspected neb I 

1 eeeF; S; R 1 

1 eF ; stellar 1 

1 vF;pS;vIE 3 

1 F;pL;niE:r 1* 

1 eeeF ; stellar 1 

3 pB; R; bM; *13,np 3* 

1 (l3,r,S of Lord R-’s diag. f®* 

j - h IJ . 

1 pF; S; R; pof2; po8=:102®*4 1 

1 vF; vS; R; sbM; f of 2 4 

1 Cl ; not Ri ; { 1 

1 CI;pL;pRj;iF;stll...l3.. 1 
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Anniiiil Annual xoiai 

Bight PrecMsion No. Nw^ Polar Pnx^on No. Summair Doacription from a 

nf 0ompari8on.ofaUthe 

,ooa*t^ n rt N.P.D. Obs. Observations, Bomarka, &c. 

Authoritifli I860, Jan. 0. Ascension used. 18(i0, Jan. 0. for ' used. by h. 

. JggQ JJ 


by h. 
andH. 


H. 

2449 

176 III. 193 

2448 

176 II. 222 

176,0 

174 VII. 32 
2460 


R. nova 


1781 

= > III. 
1451 J 


179 

181 113 

181,0 

2452 III. 468 
III. 214 


D’Arrest, 32 
50 Cassiop. 


182 II. 223 

189 I. 101 

III. 215 

184 III. 583 


R. nova 


D’Arrest, 33 


185 II. 435 

186 III. 433 


477 187 

478 188 III. 207 

479 2455 

480 2456 

481 189 III. 566 

482 2457 

483 190 III. 208 

484 191 I III. 151 

r 1921! 


D’Arrest, 34 


1^2458 

486 2459' 

487 193 


1 49 12*4 
1 49 20‘4 
1 49 21*5 
1 49 23*6 
1 49 

1 49 25*8 
1 49 27*7 

1 49 57*4 

1 51 17*8 
1 51 35 
1 61 36*4 
1 51 39*0 
1 51 39 
1 52 0*8 
1 52 2*0 
1 52 3*7 
1 52 5 
1 52 10*0 
1 52 40*6 
1 52 43*3 
1 52 52*3 
1 52 57*3 
1 54 2*1 
1 54 20*6 
1 54 25 
1 54 39*4 
1 54 49*2 
1 54 65*4 
1 55 1*3 

1 55 8*5 
1 55 46*1 
1 56 8*7 

1 56 54*9 

1 67 28*5 

1 58 26*4 
1 59 61*2 


488 194 II. 604 2 

489 196 2 

490 2461 2 


(in 

[2640 J 


492 2462 

493 198 III. 227 

494 197 II. 606 


( =’} 
[2463 J 

III. 

r 2001 

< = ^ II. 
[2464 J 

f 2011 

< = ^ n. 


0 19*0 
0 49*6 
0 65*4 

0 56*9 

0 58*2 

1 34*0 

1 40*3 

2 30*1 


III. 567 2 2 32*6 1 


2 32*8 


+ 2*112 
3*017 
2*707 
3*468 


3*158 

3*28 

5*005 

3*283 

3*283 

2*936 

3*223 

2*751 

3*34 

3*461 

2*999 

3*209 

3*406 

2*039 

2*9»9 

3*005 

3*16 

3*247 

3*280 

2*100 

0*699 

3*571 

1*428 

3*253 


2*561 
3*161 
. 3*617 


147 22 44*6 -17*78 1 pB;S;R;RbM 1 

95 9 13*6 17*78 2 eF; *9, 316°± 3 

120 36 23*6 17*78 3 pB;S;E;lM 3 

57 29 41*6 17*78 1 F; pL; niE; r; fof2 3 

57 29 h* 176 0 

63 1 14*9 17*77 1 Cl; vvL; Ri; St L and BC ... 5 

147 26 49*9 17*77 1 vF; S; R; bM 1 


96 6 19*5 17*75 3 vF;S;lE; vglbM 4 




1 82 
[ 2 ] 71 
1 18 
2 71 
71 

1 102 

1 76 

2 116 
[1] 67 

1 59 

3 96 

1 77 

1 62 
1 148 

(1) 97 
1 96 

[1] 82 
1 74 

1 72 

1 146 

3 164 

1 52 

1 158 

1 74 


20 13*3 
42 48 
15 36*6 

40 12*6 
45 ± 

10 60*9 

41 15*9 

58 27*9 
2 18 

15 3*2 
38 24*8 

59 17*8 
26 29*1 
28 9*1 
30 22*6 

3 38*9 
10 18 
57 .35*2 
17 54*5 
30 26*8 
54 18*8 
33 52*1 
32 40*7 
38 1*3 


17*67 

17*67 

17*67 

17*66 

17*66 

17*64 

17*64 

17*63 

17*63 

17*58 

17*67 

17*56 

17*56 

17*55 

17*64 

17*54 

17*53 

17*61 

17*49 


1 61 40 47*2 


1 vF; S; R; *10, 2' 285® 1 

[2] vF; S; R; nr 1. 112 H 0 

1 Suspected nebulous * T 

2 B; cL; R; gbM; r 3 

5 or 6' s of h. 181 0 

1 cF; pL; E0“+ ; gIbM 2 

1 vF; stellar 1 

2 pF; S; R; gIbM 1 

[l]F;pL 0 

1 pU; pL; R; gIbM 2 

3 cB; L;mEl63'’*0;nibM ... 6 

1 cF ; stellar 1 

1 vF; vS; E; 3 stp; *250“ ... 2* 

1 pB; pL; IE; *12 att ] 

1 pF.*pS:R;bM 2 

1 cF; cS; R; bM 3 

[1] vF; S; * 14f90°; 11**65 ... 0 

1 eF; S; R; * 11 75° 1 

1 vF; cS; R; stellar 2 

1 pF; S; R; 2 8t 11, nr 1 

3 eF; vS; R; *12,25" 315°.... 3 

1 vF; S; iR; sbM; * nr 3 

1 eeF; vS; R; *13pl00" ... 1 

1 vF; S; iR; gIbM; *10 p 2 
3'*5 

1 vF; vS; ill; bet28tn and spM 3 


2 113 58 18*1 17*43 2 vF; pS; vlE 2 


1 169 7 19*3 

1 79 40 47*1 

1 51 54 21*7 

1 76 18 58*6 

2 131 49 14*6 


17*39 1 pF;S;R;gbM 1 

17*33 1 B; vS; vlE; svmbM; *10, 3* 

65" 320°. 

17*31 1 pB; cL; IE; mbM 2 

17*28 1 F;R;vS;bM 1 

17*28 2 cF; vS; R;*bM; r 2 


2 116 7 18*6 17*28 2 vF;vFJinv 2 


1 127 9 11-6 

1 82 41 44*2 

1 51 28 53*5 


17*28 2 F; S; R; V8vmbM*13 2 

17*26 1 vF; S; R; bM; am8t 2 

17*26 1 pB; S; iR; ;fl6* 2 


3 100 47 38*7 17*21 3 F;S;R;l8tof4 4 

1 63 0 41*7 17*21 1 tF;S;1E 1 

3 100 47 60*7 17*21 3 F;S;R;2ndof4 4 


2 47*1 +2*942 3 100 48 31*0 -17*20 3 vF; vS: R: 8rd of 4 4 






OF NEBULA AM) CLUSTBBS OP STABS. 


65 


Beferenoes to 


Cato- Sir J. H.’b SirW.H/s 
loguoJ Catalogues Classes 
of Nebulae, and Nos. 


= > IL485 


Other 

Authorities. 



Annual • 

Bight Precession No. North Polar 

Ascension in of Distonce 

for Eight Obs. for 

1860, Jan. 0. Ascension used. 1860, Jan. 0. 

for 1880. 


h III 8 8 a i n 


« 61'4 +2*941 2 100 fil 11*0 -1 



III. 604 


III. 259 
II. 486 


11.613 


III. 260 
III. 457 
III. 2 
VI.- 33 
III. 201 


2 55*0 

3 56*7 

4 15*8 
4 27*5 

4 45*7 

5 36*7 

5 51*5 

6 30*8 

7 24*0 

7 24*4 

8 6*4 

8 41*3 

9 15*3 
9 33*1 


1 98 

1 53 

1 147 

1 92 

1 99 

3 126 

1 62 

2 122 

2 132 

1 91 

1 84 

1 89 

2 33 

1 76 

... 76 


207 VI.- 33 2 9 15*3 4*166 2 33 29 55*0 l6*90 2 !; Cl; vvL; vRi; 8t7...14 ... 5 

208 III. 201 2 9 33*1 3*252 1 76 5 52*3 16*89 1 vF; vS; E; *108f4' 2 

208, fl R. nova 2 9 76 5+ neb s of h. 208 0 

2091 

= > 11.474 2 9 43*2 2*920 5 101 59 58*6 16*88 5 F;pL;R;vglbM 7 


25 7-3 
10 55*5 

23 34*1 
9 47*4 

58 5*7 
30 33*9 
46 51*2 
36 11*1 
41 12*3 

24 41*3 
39 32*5 
36 2*1 
29 55*0 

5 52*3 
5 + 


3 vF; pS; R; 4th of 4 4 

1 vF; vS; R; psbM 1 

1 vF; iF; stellar 2V 

1 pF; pS; R; glbM; r 1* 

1 eF; eS; IF 1 

1 F;S;E_ 1 

4 cF;pS;TE0°;gbM 4 

1 F; S, 1E90°; bM 1 

2 cB; S; E; psmbM 2 

2 F; vS; svrabM 2 

1 vF; R; bM; stellar 2 

1 eF; cL; R; gbM; «12 8f att. 2* 

l::eF; vS; R; bM 1 

2 !; Cl; vvL; vRi; 8t7...14 ... 5 

1 vF; vS; E; «108f4' 2 

... neb 8 of h. 208 0 


II. 246 


517 210,0 


R. nova 


2 10 22*6 3*253 1 76 6 11*6 


518 211 11.436 

519 213 

520 215 II. 4.37 

521 212 VI. 34 

522 214 

523 216 III. 486 

524 2473 

525 2472 

526 217 II. 225 

527 218 V. 19 

528 2474 

529 219 II. 438 

530 219, a 


R. nova 


531 III. 695 

532 2475 


III. 570 


III. 224 
I. 153 
III. 571 


III. 239 
III. 474 

III. 177 
11.489 

IV. 23 


III. 261 


2 10 

2 11 14*5 
2 11 59*3 
2 12 8*7 
2 12 34*2 
2 12 46*6 
2 12 54*3 
2 13 20*1 
2 13 30*8 

2 13 41-2 
2 13 50*4 
2 14 21*4 
2 14 35*7 
2 14 

2 15 1*0 

2 15 9*4 

2 15 14*0 
2 15 26*4 
2 16 34*0 
2 16 36*1 
2 16 44*2 
2 17 49*4 
2 17 50*6 
2 18 44*7 
2 18 50*8 
2 18 55*7 
2 19 58*5 

2 20 29*1 
2 20 59*9 

2 21 21*5 


2*980 

3*272 

2*978 

4*188 

4*536 

2*852 

1-774 

*2*400 


... 76 6 

1 97 17 24*7 

1 74 48 57*9 

2 97 25 44*2 

2 33 32 49*5 

1 26 52 20*1 

1 106 42 4*1 

1 150 30 8*7 

2 132 23 1*0 

4 57 22 48*3 

1 48 16 47*6 

2 132 2 58*2 

1 96 10 8*8 

... 96 10 

I 28 40 47*1 
1 124 21 30*4 


3*732 2 

2*779 1 

2*778 1 

2*770 1 

.3*736 1 

3*319 1 

3*543 1 

2*710 1 

3*350 1 

3*571 2 

3*350 1 

3*049 1 

2*295 2 

3*049 1 


48 42 17‘4 

111 27 12*0 

111 20 3.3*5 
111 52 23*5 
48 49 21*5 
72 7 46-3 
58 23 33*3 
115 26 13*5 
70 7 27*8 
57 3 25*1 
70 15 30*6 
91 46 18*5 
135 4 17*1 
91 47 36*7 


n. 487 2 21 48*4 2*919 2 101 10 10*3 


2 22 1*5 +2*795 1 109 40 3*6 - 


1 pF; pL; IE; pgbM; 2* 

1*9, 185°+ 5' 

\S* sfl' 

... neb 8 of h. 210 0 

1 F; pS; E; l)M; 2or3?tnr...i 2 

1 eF; R; gbM; * 16 nr j 1 

2 pF; pS; vlE; bM; J nr 3 

2 ! ; Cl; vL; vRi; ruby ♦ M ... 5 

1 Cl; L; 1C; sc 8t 9.. .13 1 

1 F; S; iR ; pgbM 2 

1 eF; S; R; 2 or 3 vSstnr ... 1 

2 vF; vS; R; bM; *7 sf and 6 2 

more. 

4 B; S; R; bM; 3S st sp 5 

1 I; B; vL; vmE 22°*3 5t 

2 pF;pS;R;lbM;*8 90°, 4' 2 

2 F;vL;iR;gbM 4 

... E; F; bM ; makes D neb witli 0 

h. 219; both E. 

1 eF;pL;iF 1 

1 pB; S; R;psbM; *10f90°*0 1 

35". 

1 eF; vS; IE 1 

1 pB; S; gbM; r; Jp 1 

1 F;S;E90°;gbM 3 

1 cB; vL; E0°...90° 1* 

1 eF ; stellar 1 

1 pF; L; R; *10sf3' 1 

1 vF;S;R;4stnr 1 

1 cF; pL; R;gpnibM 2 

1 eF; vS; iK 1 

2 cF; cL; E; v-gbM; 2stl3np.. 3 

1 F; S; IE; 3 stinv 1 

1 vB;vL;R;mbMN 2t 

2 vvF; S; R ; gvlbM 2 

1 |vF; cL; R; f of 2 2 


16*29 2 vF; L; iR; glbM 3 

16*28 1 pB; E; gbM 1 
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SIE J. F. W. HEESCHEL’S CATALOGUE 


KeferenooB to 


Cata- SirJ. n/ SirW.H.^ 


Bight 

Ascension 

for 


Annuid 


Annual 


Prewwion No. North Polar Proton No. Summarj Description from a 


Distance 

for 


logue. Catalogues Classes I860, Jan. 0. Ascension used. 1860, Jan. 0. 

° L.P 1 XI JXUU»MriU0B. , loon 


ofNebulic. and Nos. 


for 1880. 


h. H. 

226 1. 154 

2482 

229 II. 278 

228 

227 

230 II. 237 

2483 

2484 

231 

231 ) ••.*.. 

231, 

232 11.211 


II. 278 


II. 237? 


R. nova 
R. nova 


III. 472 


I III. 572 
III. 573 


III. 161 
III. 557 
III. 4.34 
II. 238 

III.'i98 
HI. 152 
II. 6 
1.102 

I. 156 

II. 592 


A. 519?? 


VIII. 66 
III. 581 


= > 11.284 
2489 J 

247 III. 475 

248 

251 III. 228 


2 26 0-7 
2 26 16-8 
2 26 21'2 
2 26 26-9 
2 26 33*1 
2 26 37*4 ! 
2 28 0*1 : 
2 28 23-1 i 
2 28 43*8 j 
2 28 46-2 , 


2 30 56-6 : 
2 .31 35-3 ! 
2 .31 36*0 I 
2 31 38*3 i 
2 31 .38-5 i 
; 2 31 43*4! 
I 2 32 1*1 I 
i 2 32 2-2; 
I 2 .32 8-3 j 
i 2 32 11-6! 


2 32 36*5 i 

2 .32 42-1 I 
2 33 2-3 1 

2 33 36*3! 


3*731 1 

3*222 1 
1*877 1 

4*572 2 

3*333 1 : 

1*874 1 

3*080 2 


51 32 4.5*9 
79 45 46*9 
145 28 45*9 
29 3 23*5 
72 34 8*5 
145 28 16*8 
89 30 24*8 


98 44 27*7 

71 19 38*7 
47 49 25*0 
81 62 7*2 


= > 11.488 2 33 42*9' 2*898 12 101 63 28*2 

2491 j I 

■ 252 III. 229 2 33 43*8 3*192 1 81 63 22*2 


I 2492 

r 254") 

I. 63 

1^2493 J 
256 III. 584 

258 I. I 

255 II. 633 

259 

267 III. 162 

> 257, a 


R. 3 novae 


2 33 43*8 
2 33 57*9 

2 34 12*1 

2 34 35*0 
2 34 .35*1 
2 34 39*9 
2 34 44*5 
2 34 49*1 


260 III. 163 

261 


2 35 23*6 3*698 1 
2 35 26*2 + 3*599 1 


81 63 22*2 
124 52 20*8 

98 51 19*1 

62 1 17*0 
90 9 14*0 
5.3 16 21*0 
72 .35 27*0 
68 10 18*3 

58 10 . 

58 7 34*9 
58 4 35*2 


in of 
N.PJ). Obs. 
for used. 

1880. 


8 

F 3*654 

1 

53 29 51*2 

-1^*26 

2*366 

4 . 

132 1 30*7 

16*21 

3*050 

1 

91 43 1*7 

16*21 

3*837 

1 

45 69 37*0 

16*20 

4*288 

1 

33 5 46*0 

16*20 

3*024 

1 

93 3.3 56*3 

16*19 

2-482 

2 

126 39 0*0 

16*10 

2*817 

2 

107 49 36*8 

16*09 

,3*580 

1 

57 40 44*3 

16*09 

3*580 


57 38 59*3 

16*09 

3*580 


57 38 50*3 

16*09 

3*512 

(2) 

61 17 57*6 

16*08 

3*580 

1 

57 40 14*9 

16*07 

2*912 i 

1 

101 22 37*5 

16*05 

3*580 1 

1 

57 46 2.3*5 

16*05 

2*270 ' 

a 

135 8 21*8 

16*04 

.3*75.3 i 

1: 

49 47 23*8 

16*04 

3*754 1 

1 

49 44 28*1 

16*03 

2*404 j 

2 

129 39 17*2 

15*96 

3*59s5 1 

2 

57 17 16*5 

1.5*95 

3*232 ! 

1 

78 58 34*1 

15*93 

2*963 ! 

i 

1 

97 46 30*4 

15*92 

3*761 1 

1 

49 43 53*8 

15*84 

1 

3*540 i 

1: 1 

60 27 46*0 

1.5*80 

.3*077 ! 

1 

89 44 6*9 

15*77 

2*968 j 

.3 1 

97 17 18'9 

15*77 


Comparison of all the 
Observations, Bemarks, do. 



1 cB; L; E; vgbM 3* 

4 vF; pL; IE; gbM; *881 3’,.. 4 

1 pB; S; E; psbM 3 

1 Cl; pRi; 8t9...15 1 

1 Cl; pL; pRi;8t 13...15 1 

1 pF; ilE 0°+ ; bM 2 

4 pB; pS; inE 216°*7 4 

2 F;S;iR:gbM 2 

1 S; H; psbM; 1st of 3 1* 

"■ I y and 5 of Lord R.’s diag. | q* 

(2) pB; cL; IE 0...90°; gmbM; 3f 
3st s. 

1; vF; R; bM; 2n(lof 3 1* 

1 eF; pS; H; vlbM; aiuscst... 2 

1 pB; R; 3r.l of3 1* 

2 F; S; R; bet 2 st in par 2 

1: vF; pS; pof2; 210''; 157°... 2 

1 F; S; f of 2; 210"; 3.37° ... 2 

2 pB; L; pinE; smb.VJ; bi-N... 2f 

2 iF; S; vlE; bM; r; 2 st 14 tip 4 

1 F; S; vlE; psbM; r 2 

1 vF ; cL *, iF ; vlbM .ft 2 

1 pF; L; E 90°+ ; mbM; r ... 4* 

1 F; pS; iR; bM; st inv 3f 

1 S; coiiietic 1* 

3 cB; pL; vR; mbM 6* 

1 vB; vL; vinE; vvnibM 3j- 

1 pF; S; IE; bM; *11,25\50° 2 

1 leF; .S; R; p of 2 1 

2 Cl; L; sc st, one 10 2 

l::vF;iE 2 

1 F; S; R; gbM; *11, 8 2' ... 1 

2 pB; .S; vlE 0...90°; bm; 3st 10 

trap. 

2 pF; L; mE; r; *17, attsf ... 4 

1 F;S;R;lbM 2 

2 Cl; B; vl.; 1C; sc Ht 9 8 

1 vF; vS; p of 2; *10 p 2 

2 F; S; R; bM 3 

1 eF; vS; f of 2 2 

1 pB; S; R; stellar 1 

3 B; pL; R; nibM«12 4 

1 F; S; R; psbM 2 

2 pF;cL; IE 80°; bM; pB*nr 8* 

1 pF;cL;R;glbM 3 

1 eF;? 1 

2 F;pL; R;lbM; ♦7*8pM3’*5 4 

/ 6 seen (including .*. h.'l » 
"• I 257,260,261). / ” 

1 vF; pL; R; IbM; sp of 2 ... 2 

1 eF;S;Dfof2 1 
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Beferenoea to 


Sir J. H.’i Sir W. H.’s ntw 
Catalogues Cla^ Authorities, 

of Nobulie. and Nos. 


621 2498 

€22 2499 



€40 2604 

641 

642 2505 

643 282 

644 2506 

645 283 

646 . 284 
r 285' 

647 ^ « 

648 286 

649 2508 

650 287 

651 2509 

652 288 


n. 273 
III. 456 



I. 64 

II. 466 
II. 465 

III. 582 
III. 462 


V. 48 


III. 449 


11.601 


III. 450 

11.602 


II. 254 


III. 580 


II. 470 


11. 274 

II. 619 

III. 199 


III. 469 
111. 178 


II. 603 
II. 475 
1.109 
III. 578 

II. 285 

11.504 


II. 258 
III. 262 
III. 164 


Bessel 


R. 2 novse 


R. nova 


II. 239? 

11.620 

II. 502 
II. 607 
II. 704 
IV. 43 

III. 245 
II. 608 


2 35 30*2 

+3*065 

2 36 0*3 

3*138 

2 36 33*3 

3*085 

2 37 43*7 

2*589 

2 39 6*9 

2*950 

2 .39 15*4 

3*057 

2 39 21*1 

3*061 

2 39 22*7 

3*313 

2 40 18*4 

3*061 

2 40 20*8 

1*552 


2 40 21*5 


2 42 35*2 

2 42 39*0 
2 43 44*5 
2 44 6*5 
2 45 8*9 
2 45 25*7 

2 45 

2 45 44*4 


2 46 35*8 
2 46 44*5 
2 47 29*7 

2 47 46*2 

2 48 7*7 
2 50 52*8 
2 51 35*0 
2 51 64*7 

2 52 16*6 
2 52 47*8 
2 52 51*3 
2 52 56*7 
2 53 " ’ 


2 53 28*9 
2 55 0*2 
2 55 21*2 
2 55 44*9 
2 56 20*1 
2 56 25*0 
2 56 32*2 
2 56 55*1 
2 57 6*8 
2 57 14*1 
2 58 3*7 
2 59 19*7 

2 59 25*2 

2 59 30*2 

3 


3 1 29*2 
3 8 27*9 
3 4 20*1 
3 4 23*3 


2*799 

2*288 

4*837 

2*702 

3*022 

+8*634 


North Polar 
Distance 
for 

1860, Jan. 0. 


1 109 

1 87 

1 65 

1 45 

... 45 

1 102 
1 55 

1 47 

2 122 

2 45 

2) 44 

1 105 

1 48 

1 9 

1 47 

1 113 

1 46 

1 102 
1 106 
1 102 
1 116 
1 52 


Annual 

Precession No. 
in of 

N.P.D. Obs. 
for used. 

1880. 


1 90 35 56*2 

1 85 37 19*1 

2 89 13 22*0 

1 119 35 49*8 

1 98 9 52*5 

1 91 5 53*8 

1 90 49 5*8 

1 74 25 31*8 

1 90 50 57*3 

1 150 30 14-3 

2 120 51 30*3 

2 107 34 23*5 

1 48 55 4*5 

1 48 22 21*3 

.. 53 4 14*9 

1 107 12 60*7 

1 49 0 2*3 

.. 49 

1 91 51 24*6 

1 77 34 54*2 

1 145 32 30*4 

1 145 38 31*4 

1 47 31 21*6 

2 100 36 9*2 


3 100 5 8*5 

1 106 a 39*5 

1 129 34 26*9 

1 37 11 56*1 

3 111 7 0*0 

1) 93 8 4*6 
1 59 57 41*8 


13 6*8 
11 7*6 
21 16*1 
40 24*7 
40 + 
57 33*3 
18 19*2 
68 42*2 
39 22*6 
35 20*5 
10 52*4 
23 8*1 
13 26-7 

42 40*3 

43 32*5 
25 4*8 
10 29*0 
38 19*0 

8 59*3 
33 6*3 
35 45*8 

9 24*2 


Total 

Summary Description from a 
Comparison of all the 
Observations, Bemarks, Ac. 

D J A. 

andH. 




1 vB; pL; iR'.sbMrrN; *130' 

1 pF;S;iR;gbM 

2 vF; L; IbM; er 

1 B; pL; pmE; sbM I 1 

1 vB; pL; E; gpmbM 

1 pB; cL; IE; inbM 

1 vF;pL;iR;bM 

1 vF; S; IF 1 

1 vF; S ; R ; 2S8t p 2 

1 F;pS;R;glbM 1 

2 vB;L; vinEl51®*l;vbMN 

2 pF; pL; pmE;.glbM 


1 neb or vSCl of vSst 

1 cF; S; iR; vgbM; r 

... ? a comet 

1 vF;S;lE;gbM 

1 cF; pS; iR; vglbM 

... h. 271 is D; another near . 

1 eF; pL; gbM; *81 

1 F; S; iR; r 

1 F; 11; gbM 

1 F;R;gbM 

1 vF; vS; R; gbM; aSst A . 


2 vF; S; R; stellar 


1 F; pL; vmE; 2Sst f 

1 F; vS; ilE; sbM; er 

1 pB; cL; pniE 0°; r; «n r 
1 F;pS;lE;SbM; •p6'*5 

... R (ni8i=H. II. 239) 

1 F; R; glbM; stellar 

1 vF; pL; R; spmb.M 




MDCCOLXiy. 


































SIB J. P. W. HERSCHEL’S CATALOGUE 


sa 


Ko. 

of 

Cata- 

logue. 

Beferenoes to 

Right 

Ascension 

tot 

I860, Jan. 0. 

Annual 

Precession 

in 

Right 
Asoension 
for 1880. 

No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1860, Jan. a 

Annual 

PreoesBion 

in 

N.P.D. 

for 

1880. 

No. 

of 

Obs. 

used. 

Summary Defloription from a 
CompariBon of all the 
ObservationB, Remarks, Ac. 

Total 
No. of 
tiiiMa 
ofOba. 

and H. 

SipJ.H/» 

Catalogues 
of Nebula). 

SirW.H.’i 
Classes 
and Nos. 

Odler 

Authorities. 


h. 

H. 


h m B 

B 


0 i n 

it 




654 

( = 1 

II. 286 


3 4 26*8 

-1-2*912 

3 

99 27 28*8 

-13*84 

3 

F; pL; R; vglbM; •9np ... 

6 

655 

J 

289.8 

r 29n 


R. nova 

3 4 31*4 

9*910 


99 26 25*8 

13*84 


No description. 

0* 

656 

III. 691 

3 4 36*2 

2*912 

9 

99 29 11*6 

13*78 

2 

eF; vS; R; stell; sf of 2 

3* 

657 

L 2511 J 

2512 

A. 205?? 

3 4 41*9 

0*771 

9 

157 18 47*1 

13*83 

2 

F; S; pmE; jtbM 

3 

658 

290 

vi. 25 

3 5 6*3 

4*106 

1 

43 17 22*3 

13*79 

1 

Ci; pL; Ri;C;iR;8tl2...15 

3 

659 

2513 



3 5 18*2 

0*747 

9 

157 29 13*6 

13*78 

2 

pF; S; R; pIbM 

2 

660 

II. 900 


3 5 38*6 

2*884 

1 

loi 6 7*2 

13*76 

1 

F; pL; E 80"+ 

1 

661 

292 

III. 443 


3 5 49*8 

2*975 

8 

95 45 4*5 

13*75 

3 

cF;S;lE;bM;*9, n5' ... 

4 

662 

2514 



3 5 57*7 

1*775 

1 

143 52 15*8 

13*74 

1 

B; L; vmE 80"; vgbM 

2 

5060 



3 6 55*2 


89 4 27*5 


See No. 5060. 


663 

2515 



3 7 7*5 

1-474 

1 

148 40 18*9 

13*67 

i 

CI of 18 or 20 st 

1 

664 

IV. 17 


3 7 ?6 

3*016 

1 

93 27 10*9 

13*67 

1 

* with neb att 90" 1 

1 

665 

2516 


3 7 46*9 

2*667 

1 

112 30 46*1 

13*63 

1 

F; S; E; aim stell; «8, np... 

1 

666 

2517 


A. 337 

3 8 25*7 

1*635 

9 

145 44 50*6 

13*58 

2 

$; B; L; R; rr 

2 

^67 

III. 194 

3 8 43*9 

3*020 

1 

93 8 18*9 

13*57 

1 

eF ; eS 

1 

668 


D’Arrest, 35 

3 9 31 

3*93 

[2] 

49 2 30 

13*49 

[2] 

F; vS; R; stellar; 1st of 7... 

0 

669 



D’ Arrest. 36 

3 9 31 

3-93 

[2] 

49 1 42 

13*49 

[2] 

eF; S; IE; cometary; 2d of 7 

0 

670 

2518 



3 9 41*5 

9*198 

1 

131 36 25*7 

13-51 

1 

vB; R; ;;mbIVf 

1 

671 


iyArr68tj 37 

3 9 45 

3*93 

[2] 

49 1 54 

13*48 

[2] 

vF;S; R;3rd of 7 

0 

W/ A 

672 



D* Arrests 38 

3 10 8 

3*93 

L J 

r2] 

49 1 36 

13*46 

N] 

F; S; R; 4th of 7 

0 

673 



D'Arrest, 39 

3 10 11 

3*94 

J 

r9i 

48 58 30 

13*45 


vF; vS; 5th of 7 

0 

674 

293 

U.603 

3 10 32*7 

3*937 

1 

49 0 5*5 

13*45 

1 

pB; pS; R; bM; 6th of 7 ... 

2* 

676 



l^Arrest, 40 

3 10 35 

3*97 

[9] 

49 0 3 

13*42 

[2] 

F; S; *17; 7th of 7 

0 

676 

2519 

111.956 

3 11 2*0 

9*884 

1 

100 48 41*4 

13*42 

1 

eF; vS; 28t 2' or 3' s 

2 

677' 











678 












679 

>^ 293 , a 


R. 6 novee 

3 11 + 


... 

49 ± 


... 

6 of 15 (including probably 

0 

ddO 

681 










h. 294, 295) 


682 












683 

2520 



3 11 34*2 

2*425 

1 

123 5 43*3 

1.3*39 

1 


1 

684 

III. 195 

1 


3 11 43*7 

3*017 

1 

93 14 30*6 

13*38 

1 

e.F;eis 

!• 

685 

2521 

A. 487 

3 12 15*0 

2*189 

2 

131 36 47*1 

13*83 

2 

0; vB; pL; R; mbM>»er ... 

2 

686 

294 

1 III. 574 

k.. ••• 

3 12 23*9 

3*938 

1 

49 11 42*1 

13*33 

1 

vF; R; bM; p & sm of 2 

2 

687 

295 

III. 575 


3 12 25*0 

3*938 

1 

49 10 4*4 

i 13*32 

1 

vF; R; bM; f of 2; 100", 

2 











352°*4. 


688 

246 

11.287 


3 13 15*0 

2*964 

4 

96 45 57*9 

13*27 

4 

vF; S; vlE; gbM; er 

7 

689 

2522 


3 13 22*5 

2-710 

2*983 

2 

no 55 8*9 

13*27 

2 

cB; vL; vniE; pgvmbM 

2 

6qo 

in 444 


3 14 7*5 

1 

95 8 11*7 

13*21 

1 

eF; vS 

1 

691 


III. 568 


3 15 25*7 

3*016 

I 

93 15 44*1 

13*13 

1 

eF; 8; IF; am 8 or 4 st 

1 

692 

2523 

1.106 



3 15 36*2 

2*786 

1 

106 53 51*7 

13*11 

1 

pB; cL; iR; gbM; *7. f7^5, 

3 











211"*0. 


693 

2524 



3 15 41*5 

2*295 

3 

127 38 38*7 

13*11 

3 

0; vF; pL; R; vgvIbM 

3 

694 

2525 



3 16 0*3 

1*749 

1 

142 41 0*3 

18*09 

1 

F; pL; mE 37®*3; gbm 

1 

506] 



3 16 29*0 


• • • 

89 19 8*0 


• • • 

See No. 5061. 


695 

2528 


A. 206 

3 16 34*1 

0*698 

1 

156 59 87*2 

13*06 

1 

pB; L; IE; vgbM; r 

1 

696 

2526 



3 16 54*8 

2*666 

1 

111 52 19*1 

13*03 

1 

pB;S;R;gbM 

1 

697 

2527 


A. 548 

3 17 20*4 

2*288 

2 

127 43 40*0 

13*00 

2 

vB; cL; vIE; vsvmbMN ... 

2 

698 

2529 


A. 547 

3 17 23*1 

2*291 

2 

127 36 24*0 

13*00 

2 

pB; pS; psbM 

2 

699 

2533 



3 17 45*6 

2*662 

1 

112 1 0*9 

12*97 

1 

F; S; R; bM; p of 2 

1 


f 298'! 











700 

< = >\ 

III. 197 


3 17 48*3 

3*011 

1 

93 31 34*9 

12*97 

1 

vF; 8; R; bM; let of S 

9 

1 1 2530 J 











f 297 1 











701 


III. 196 


3 17 48*8 

3*011 

1 

93 30 34*9 

12*97 

1 

rF; vS; E; Pneb $;2ndof8 

8 


L2531 J 











70 * 

2532 


i 

3 17 50*9 

•f 8*012 

1 

93 25 54*9 

-12*97 

1 1 

P; vS; R; bM; 8rdof 3 

1 

1 









OP NBBULJE AND CLTJ8TEB8 OF STABS. 


Beferenoei to 


Other 

Authorities. 



Bight 

Annual 

Precession 

No. 

North Polar 

Annual 

Precession 

Asoension 

in 

of 

Distance 

in 

for 

Bight 

Ascension 

Obs. 

for 

N.P.D. 

I860, Jan. 0. 

used. 

1860, Jan. 0. 

for 

for 1880. 



1880. 


3 17 53*6 + 8-011 

3 18 4*9 S‘962 

3 18 18*0 S*66l 

3 18 37*6 9*305 

3 19 39*5 2‘7S9 

3 19 53-5 9‘6€2 

3 90 15-0 9*669 


Auw.N.17 3 90 41*7 


I VIII. 88 


VIII. 84 


711 

719 9537 

713 9538 

714 9549 

715 9539 

716 9540 

717 301 

718 300 

719 9541 

790 

791 9545 

799 9544 

793 9543 

794 9546 

795 9547 

796 9548 

797 809 

798 9549 

799 9550 

730 9551 

731 9559 


739 2553 HI. 857 

738 2554 111.559 

73# 9555 11.962 

735 2556. 

9557 
.9558 


D’ArreBt, 41 


Ilf. 946 
HI. 487 
11.990 
III. 446 



A. 591 



3 90 47 
3 91 10*0 
3 22 29*8 
3 22 38*1 
3 99 38*5 
3 99 39*6 
3 99 41*0 
3 99 54*4 
3 93 10*3 
3 23 49*3 
3 94 11*0 
3 95 8*3 
3 95 16*8 
3 95 52*1 

3 96 44*0 
3 96 44*3 
3 96 30*7 
3 27 28*6 
3 97 38*5 
3 98 18*0 

3 98 18*9 


3 99 1*6 
3 99 50*6 


3 30 98*7 
3 SO 49*7 
3 SI 19*8 
3 8 


3 SI 34*7 
3 39 19*8 
3 S9 94*1 
3 33 11*0 
3 3S 11*6 
3 3S 14*1 
3 3S 43*1 
3 33 49*8 
3 33 55*4 


S 84 5*9 
3 34 39*8 
8 34 36*5 
3 34 41*5 


9*491 

9*670 

9*570 

9*310 

9*311 

9*309 

9*971 

9*316 

9*657 

9*307 

9*710 

9*576 

9*998 

9*786 

9*608 

9*700 

9*996 

9*613 

9*991 

9*407 

9*709 

3*040 


O I II 

93 l6 41*9 
96 14 11*9 
119 1 49*8 

196 58 12*7 
108 4 59*5 
111 51 1*8 

111 50 36*0 


8 34 61*1 1+ 9*€15 


rn « 

3 126 

9 199 

(1) 191 

1 191 

1 127 

1 53 

2 17 

1 108 
1 39 

1? 124 
1 125 

1 109 
9 111 

1 105 

9 104 

9 95 

2 140 

1 109 

2 110 

9 196 

( 1 ) 121 

3 no 

1 115 

1 195 

1 125 

1 195 

2 95 

1? 195 
2 111 
1 195 

1 108 
1 114 

1 195 

1 108 
9 113 

1 109 

2 195 

1 113 

1 126 
1 121 

1 109 

(2) 91 

... 91 

2 134 

1 95 

1 116 
1 95 

3 113 


-12*97 

12*96 

12*94 


6 31*9 

39 6 
19 33*5 
46 15*5 
34 40*8 

23 19*8 
38 11*8 

9 36*8 

54 18*1 
16 10*7 

3 16*6 

19 43*8 

20 9*9 
45 38*9 
17 46*1 
41 32*4 

9 24*9 
3.3 97*9 

45 56*6 
58 38*4 

46 3*7 
36 31*9 

40 37*9 
50 45*4 

24 21*4 
49 94*2 

41 4*5 
43 44*5 
30 0*1 
28 56*8 
21 44*4 

55 1*7 
48 18*5 
58 4*5 
58 33*5 

53 34*6 
28 55*6 

9 29*4 

54 53*1 
10 47*4 

2 48*0 
46 25*6 
2 21*9 
45 34*5 
45 

33 18*9 

7 5*4 
40 8*4 

8 51*7 
0 43*7 



Summary Deacription from s 
Compariaon of all the 
Obaervationa, Bezmurka, &e. 


2 vF; pS; pmE 3 

9 F; mE; 239®*1; com; *9, 10 Of 
att. 

1 0? pS; vsvmbMN 1 

1 F;pS;R;glbM 1 

2 vF;vS;sfof9 1* 

2 vB; S; E90°...180°;8mbMN; 2* 

np of 2. 

... F; L; «10f 4'; n 9'*5(Schon- 0* 

feld, 1858). 

[1] eF; pL; IbM 0 

3 vF; S; vIE; gbM 3 

2 cR; pS; R; pabM; {p 9 

1 ::cB; pL; iR; vgbM 2 

1 vB; pS; IE; psbM 1 

1 F; $; R; «19, ef. 1 

1 Cl; vL; ab60tt 3 

2 F; vS; iR; gbM; { vnr 3 

1 vF; S; R; psIbM 1 

1 C);IRi;stL 1 

1 :: B; L; mE; vinbMRN 1 

1 pB; pS; R; psbM 1 

1 eF; pslbM ; V diff «8| af 1 

9 pB; cL; iE; mbM 5 

1 vF;S;lE;glbM 9 

9 pF; pL; R; IbM; pL«nf5'>. 5 

2 vF;S;bet2st 3 

9 vF; pL; iR; gbM; 4>Dr 9 

1 F;L;R;,vglbM 1 

2 »'F;S;R., 3 

2 !I vB; vL; mE; rN in vLE 2f 

Halo. 

(1) vF;S;iF;lbM 2 

3 vF; S; R; bet9$t 14 4 

1 pB; pL; vIE; psbM 9 

1 eF;vS;pof3 1 I 

1 vB; pL; IE; gmbM; 9udof3 1 I 
1 B; S; IE; pmbM; 3rdof 3... 1 

9 eF; pL; iR; bM; r 5 

1 vB; L; R; pabM 1 

9 F;S;R;gbM 0 

1 0; B; pL; R; gprabM 2 

1 pF;S;R;p8mbM 1 

1 pB; p8; R; gpmbM 2 

1 0; vB; pL; R; gmbM 2 

1 F;S;R;glbM 2 

2 B; pS; E; pambM 4 

1 cB; pS; R; psmbM 2 

2 0; vB; pL; psbM; rr 3 , 

1 vF; vS; R 2 

1 vB; pL; R; pembM 2 

1 F; cL; vmE; vglbM; *7 dp I 

1 tB; L; R; svrobMN 3 

(9) eF; stellar or IE 2 

... makes D neb with h. 304 ... 0 

9 B; pS; R; smbM 2 

l::eF; IE;er; l8tof3 2 

1 F; S; E; ebMbM; oafO* ... 1 

1 pF;pL;IE:lbM; «sr:2dof3 3 

3 pB; S; IE; pglbM; oafs' ... 4 
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sm J. r. W. HERSCHEL’S CATALOGUE 


SirJ. H.’« 

Catalogues 

ofNebulaj.l and Nos. 


H. 

IL 456 


Other 

Authorities. 


IL m 




R. nova 



Bight 

Ascension 

for 

1860, Jan. 0. 


h m s 
3 35 *-3 
3 35 29-9 
3 35 56-9 
3 35 58*6 
3 36 30*1 
3 36 42*1 


3 3 


792 2599 

793 

794 2598 
796 

796 

797 

798 

799 
800 1 2603 
801 ' 

802 

803 2604 

804 2605 

805 

806 2606 
807 2608 

808 2607 

809 

810 311 

811 2609 
812 2610 

813 2611 

814 2615 

815 2612 

816 2613 

817 2614 

818 2617 

819 2616 


IV. 63 
VII. 47 


il. 279 


VII. 60 
IV. 69 


III. 499 


A. 426 

3 87 37*8 

Auw. N. 18 

3 37 52*3 

A. 562 

3 38 7*9 


3 38 20*0 


3 38 43*4 


3 38 44*4 


3 38 44*4 


3 38 46*3 


3 38 52*0 


3 39 4*9 


3 39 12*4 


3 39 32*4 


3 39 56*6 


3 40 59*9 


3 42 24*8 


3 43 32*5 


3 45 15*1 


3 46 48*5 


3 47 34*5 


3 48 18*8 


3 48 28*0 

A. 427? 428? 

3 48 31*1 


3 49 9*1 

A. 480 

3 51 4*2 

Auw. N. 19 

3 62 1*3 


3 52 22*9 


3 52 32*8 


3 52 59*7 

A. 438 

3 53 5*8 


3 53 36*3 


3 53 47*2 


3 53 47*4 


3 53 62*2 

A. 369? 

3 54 33*6 


3 54 67*0 


3 55 9*9 


3 55 25*3 


3 56 44*9 


3 57 19-6 


3 59 0*1 


3 59 3*1 

A. 466 

3 59 20*3 


3 59 35*9 


4 0 28*6 

A. 348 

4 0 39*4 
4 1 24*0 




2*241 

2*739 

+ 1*139 
-0*360 
+ 0*224 
1*955 
2*644 
2*643 
1*830 
2*212 
2*029 

3*444 

0*478 

4*482 

2*251 

1*870 

1*748 

1*721 

4*551 

2*821 

, 1*573 

5*109 

5*232 

0*456 

1*552 

3*021 

1*965 

0*218 

1*966 

• 4*416 

3*755 

1*448 

2*884 


2 127 

2 103 

:: 95 

1 120 
2 112 

1 125 

2 137 
.. 66 
1? 126 
1 126 

3 112 

2 94 

2 108 
2 109 
2 37 

1 135 


94 

3 135 

1 127 
1 106 
160 

1 1 162 

158 
134 
110 
3 110 

2 137 

127 

3 1132 

71 

2 156 

1 39 

1 125 

2 136 

2 139 

3 134 

1 37 

1 102 

1 142 

2 29 

-2 28 

156 

1 142 

2 92 

2 133 

3 158 

3 133 

1 40 




9 45*6 
58 34*9 
56 56*1 
9 45*6 
21 11*3 

33 21*6 
50 50*2 
40 33*4 

40 12*9 

34 12*6 
18 1*9 
21 40*1 
31 51*1 
43 32*1 

41 52*1 
46 18*6 

5 20*4 
25*3 


24 37*9 

5 22*2 
7 51*9 

49 22*2 

14 27*4 

6 36*1 
38 24*7 
56 47*0 
62 29*8 
54 59*4 
53 54*8 

24 18*6 

46 40*S 
49 55*8 

25 42*3 
1 19*4 

51 46*3 
36 53*0 
18 42*9 

52 67*5 
45 45*6 
25 27-4 

43 35*3 
27 30*6 

3 51*2 
25 44*2 
58 5*1 
35 1*5 

47 35*5 
1 23*7 

44 23*1 
51 49*5 
35 29*8 

29 26*8 

12 21*5 



Summarj Dewaription from a 
Com^ruon of all the 
Obeerrationi, Bemarke, &o. 


•78 2 

*77 2 

•73 2 
•73 
*69 
*68 
*66 
*62 
•57 
*68 
•67 
*53 3 

•53 2 

•53 




2 eF;vS;R;gIbM 

2 pB; pS; E7^I vimbMRN 
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Beferenoes to 

of* 

Oatft* Sir J. H/b Sip W. H.’b Other 
logue. Catalogues Cla^ Authorities, 
of NobulsB. and rioB. 


H. 

vn.6i 


Bight 

ABcenBion 

for 

1860, Jan. 0. 


Annual 

NorA Polar Pre^on No. Summary Description from a 
Di^ee m of Comparison SfaU the 

186ofjan.O. tot SSl Obw’^ations, Eemarks, Ac. 


for used. 
1880. 


821 2619 

832 3620 

823 2621 

824 2622 

826 2623 

826 2618 IV. 26 

827 2626 

828 2624 

829 2626 

830 2627 



1 a;B;vRi;cC 1 

1 vF;S;R;gbM 1 

3 pB; pL; R; bM; np of 2 ... 3^ 

3 B; vL; vmE32’‘2; psmbM... 3i 

2 vB; vL; R;8nibM;23t«10nf 2 

2 F;S;R;vS*^9f 2 

1 ©; vB; S; R; pa, vsbM; r... 6* 

1 vF; R; pL; vlbM 1 

1 vB; pS; IE; psvmbM 1 

2 vF; vS; E; gvlbM; r 2 

1 B; pL; E; ambMN=«ll ... ] 

1 Cl; pRi; 1C; atL 1 

2 pB; IE; gbMEN; $p 2 

1 Cl; vL; lRi;lC;8tl0...12... 1 

1 B;pS;R 1 

[1] vF;S; R; •13iir 0 

1 F;vS;R 1* 

2 cF; pS; IE; vgbM; *llsf ... 3 

2 vB; pS; R; gmbM; am3st... 2 
... !!I; vF; S; varta6/e(Htn(l)... 0* 

2 cF; S; R; vglbM 2 

1 Cl; vie ; ab 20 scat 1 

1 pF; S; E; gbM 2 

3 vB; vL; mE; vgpmbM; #14 2 

attn. 

2 B; vL; vg, avmbM; 15* d 2 

in R.A. 

1 F;S;R;bM 2 

1 F;S;R;gbM 1 

1 pB; S; IE; bNM; pB«n ... 1 

1 vF; S; R; gbM; }nf 1 

1 pF; S; R; •13nfl' 1 

1 pB; S; R; pgbM; 2S-stsf ... 1 

1 eF ; bM ; 2 at 2* 

3 pF;S;R;bM 3 

3 pB; vL; iR; mbM; *8, 6f 

360°, 2'. 

2 F;S;E;glbM 2 

1 Cl; vL; pRi; 1C; atL 1 

1 pF; S; R; gbm; •12,28r’-8 1 

[1 ] vF; iF; vlbM; bet • & *14.. 0 

1 F; pS; R; r; pofDneb 6 

1 F; vS; R; r; fofDneb 6 

1 F;pL;lEl82°; *42“ 80"... 6 

3 pF;pS;R;gbM 3 

l::vF;vS 1 

1 vF; S; R; bM 1 





eF; pL; IE; f of 2 2 

1 Cl; vF; pS; C; ateS 1 

1 Suap in hazy weather 1 

2 eF;S;E90«'± 

3 F; S; E; vglbM 

2 B; L; mE 105®*8; 1 « 

Tg, vsmbMNO". j ••••••••• 
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SIB J. r. W. HERSCHEL’S CATALOGUE 


References to 


Other 

Authorities. 


h. H. 

320 11.624 

321 11.614 

320, a ...... D’Airest, 44 


Right Precession No 

Ascension in of 

for Right Ob< 

1860, Jan. 0. Ascension usee 

for 1880. 


879 V. 49 

880 322 

881 322,41 

882 2663 

883 2652 

884 323 ni.952 

885 324 III. 953 

886 325 11.515 

r 826'| 

887 < = > II- 522 

I2654J 

888 327 1. 122 

889 2656 

890 II. 625 

891 2656 

892 

893 328 III. 588 

894 8657 

895 329 • II- 023 

896 VIII. 8 

897 2660 

898 2662 

899 2661 

900 II. 626 

901 330 

902 2658 

903 331 UI. 589 

904 2659 

905 332 VII. 1 

906 ...... VIII. 7 

907 VIII. 59 

908 333 11.547 

909 2663 

910 2664 

911 III. 501 

912 2666 

913 2667 

914 2669 

915 III. 802 

916 2666 

917 2668 : 

918 384,0 

919 

920 334 11.-627 

921 334,6 ...... 

922 334, c 

923 2670 


11.628 


929 2674 

930 2676 

931 2677 


R. nova 


D'Arreet, 45 


A. 296 ?? 


R. nova 
D'Arrest, 46 

R. nova 
R. nova 


49 1*9 
49 42>0 


149 30 3-8 
160 4 2*6 
159 4 32*7 

92 61 28*0 

122 12 45*4 
138 3 31*4 

93 14 46*4 


in 

N.P.D. 

for 


Summaiy Description from a 
Comparison of all the 
Observations, Bemarka Ao. 


7*67 

1 

F; S; iF; IbM; 2st8f 

7*63 

2 

vF; pL; mE0°...90'’; B Jnf,. 

7*63 

c«] 

vF; S; *20, 270°, 5*; 11.624 


p(R). 

7*57 

1 

F; cL; IF; 6or7st+neb ... 

7*58 

1 

vF; E90°...180°;8bM; B*p 


1 vt; pL; R; gibM ] 

1 Neb. No description ] 

2 cF; S; R; «8sp; pof Dneb 2 

1 cF; vS; fofDneb J 

1 F;S;R;bM;*9nfl2«*8... i 

2 vF; pS; R; vgbM; r; *nf 1'. 4 

2 cB; L; R; VgbM; er 3 

1 eF; vS; R; bet2st 1 

1 F;pL;IE 1 

1 Cl; pL; pRi; pmC; stll...l6 1 

[1] F; R; conactary; A with 2 st 6 

18 fe 

1 eF;vS;iR;bM 2 

3 F;S;R;gbM 3 

1 F; vS; iK; bM; ♦7np 2 

2 CI;vL;8tL,8c 2 

1 F;pS;R;gb.M 1 

3 pF; L; vlE; vglbM 3 

3 vF; S;R;gIbM 3 

1 F;cS;R;lbM 1 

1 eF;iF;? 1 

1 F; pS; pmE; glbM I 

1 pF; pS; iE90°+; bM 2 

1 vF; S; IE; glbM 1 

1 ClofL&Sscst 3 

2 CI;IRi;8tL&S 3 

1 Cl;lRi;IC;pL 1 

1 eF;pL;R;lbM 8* 

1 eF;R;aUto*l4 1 

1 eF;S;R 1 


2 B; L; smbMN 
1 vF; S; attto«10 
1 vF; pL; iR; r... 


vF; S; R; vglbM ... 

F;S;lbM 

pB; pL; iR; pgmbM 
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Bight 

ABoenaion 

for 

1860, Jan. 0. 

Annual 

Freoession 

in 

Bight 
Ascension 
for 1880. 

No. 

of 

Obs. 

used. 

North Polar 
Distance 
to 

1860, Jan. 0. 


h m s 

4 80 1*9 

+ 2*989 

1 

n / // 

95 8 4.3*5 

// 

-6*95 

4 50 25*3 

+ 2*333 

3 

120 6 11*1 

6*93 

4 80 27*0 

-0*443 

1 

160 5 82*0 

mm 

4 50 48*7 

+ 0*866 

2 

149 58 0*1 

5*93 

4 80 53*7 

-0*427 

2 

159 89 14*9 

6*97 

4 51 8*5 

+ 1*342 

3 

143 35 14*3 

6*89 

4 51 15*3 

0*844 

1 

153 13 27*7 

5*91 

4 51 15*6 

3*253 

1 

81 58 39*1 

5*83 

4 51 32*4 

+ 4*753 

1 

37 19 51*9 

6*77 

4 51 44*5 

-0*473 

2 

160 13 0*0 

mm 

4 51 46*1 

-0*370 

1 

159 39 49*3 

5*89 

4 51 47*1 

+ 3*057 

2 

90 42 45*3 

6*79 

4 51 + 


• •• 

90 42± 

5*86 

KKMigi 



157 8 55*2 

4 52 2*6 

0*046 

3 

157 7 48*2 

5*86 

4 52 16*4 

2*592 

1 

110 34 42*9 

5*77 

4 52 18*9 

+3*063 

1:: 

90 28 7*5 

5*75 

4 52+ 


• •• 

90 28 + 


4 52 20*4 

+0*022 

3 

157 16 42*8 

5*84 

4 52 .39 

+ 2*89 

[2] 

98 4 0 

6*73 

4 52 41*7 

-0*366 

3 

159 37 11*4 

5*82 

4 52 57*2 

+ 2*893 

1 

97 58 11*7 

6*71 

4 53 0*9 

-0*358 

3 

159 34 7*3 

5*79 

4 53 21*2 

+ 2*994 

1 

93 32 9*9 

5-67 

4 53 22*6 

+0*038 

3 

157 8 36*5 

5*75 

4 53 43*2 

-0*238 

2 

158 52 23*4 

5*72 

4 53 49*2 

+0073 

1 

156 53 44*7 

571 

4 54 8*4 

-0*259 

1 

158 59 17*0 


4 54 18*5 

+0*009 

1 

157 18 56*9 

6*67 

4 54 19*0 

-0*143 

1 

158 17 20*9 

6*67 

4 54 31*9 

-0*335 

1:: 

159 24 10*2 

5-66 

4 54 49*4 

-0*339 

2 

159 25 17*8 

6*64 

4 54 51*1 

+ 2*440 

1 

116 14 38*2 

6*56 

4 54 58*2 

.+2*994 

1 

93 30 26*1 

5*53 

4 55 7*9 

-0*335 

1:: 

159 23 11*7 

5*61 

4 55 12*5 

—0*006 

2 

157 23 32*0 


4 55 13*8 

-0*340 

1 

159 25 6*0 


4 55 16*5 

— 0’l66 

1 

! 158 24 26*3 

5*59 

4 55 18*9 

+ 3*630 

1 

66 33 18*3 

6-49 

4 55 19*4 

-0*456 

1 

160 1 59*0 


4 55 26 

+ 2*88 

[2] 

98 26 48 

5*49 

4 55 36*9 

-0*581 

1 

160 39 49*9 

5-57 

4 55 37*8 

-0*350 

1 

159 27 21*9 

5-57 

4 55 45*0 

+2*962 

1 

94 55 35*9 

5*47 

4 85 49*8 

0*266 

1 

155 25 43*1 

5*53 

4 85 58*7 

3*634 

1 

66 25 21*1 

5*43 

4 86 8*5 

2*087 

1 

128 55 2*2 

5*46 

4 86 15*6 

0*087 

l:s 

156 43 53*0 

5*50 

4 56 19 0 

0*093 

3 

156 41 5*0 

5*50 

4 86 24*5 

3*104 

1 

88 34 31*3 

539 

4 86 31*9 

+0*102 

8 

156 37 13*3 

5*49 

4 56 42*0 

-0*092 

1 

157 54 38*9 

5*47 

4 86 51*7 

+0*631 

S 

152 14 11*8 

5*44 

4 87 15*1 

-0*548 

2 

160 26 16*8 

5*44 

4 87 18*4 


aee 

159 36 32*1 


4 87 22*2 

-0*185 

1 

158 28 4*4 

5*42 

4 87 29*6 

+0*091 

5 

156 39 56*0 


4 57 39*7 

-0*213 

« 

158 37 42*3 

5*39 

4 57 48*0 

+0*509 

1 

153 20 44*2 

5*36 

4 57 48*9 

-0*416 

3 

159 46 2*3 

5*39 

4 57 50*3 

+0*108 

1 

156 S3 59*9 

—5*37 


No. 

of 

lOata- 

Qogue. 


932 

933 

934 

935 
936] 

937 

938 

939 

940 

941 

942 

943 
; 944 

945 

946 

947 

948 

949 

950 

951 

952 

953 

954 

955 

956 

957 

958 
9591 

960 

961 

962 

963 

964 

965 

966 

967 

968 

969 

970 

971 

972 

973 

974 

975, 

976 

977 

978 

979 

980 
981 
982 

983 

984 

985 

1062 

986 

987 

988 

989 

990 

991 


Beferenoea to 


Sir J.H.’. 
Catalogues 
of Nebula;. 


h. 

336 

2676 

2680 

2678 

2683 

2679 

2682 

338 
.337 

2684 

2685 

339 

339 , a 

2686 

2687 
2681 

340 

340, a\ 

2688 


ISir W. H.' 
Claeses 
and Nos. 


H. 
IV. 32 


II. 516 


2689 

341 

2690 

2691 

2694 
2693 

2695 

2696 

2697 

2698 

2699 

2692 

342 

2702 
2701 

2704 

2703 


2705 

2708 

2707 

343 

2706 


2700 

2709 

2710 


2711 

2713 

2712 
2717 


2718 

2716 

2718 

2720 
2722 

2721 


III. 503 


VIII. 43 


VII. 21 


III. 483 


Other 

Authorities. 


A. 78? 

rve’r 

R. nova 

K. nova 
D’Arrest, 47 


A. 114 

D'Arrest, 49 

A. 167 


A. 169 




No. 

of 

Obs. 

used. 


1 

3 

1 

2 

2 

3 

1 

1 

1 

2 

1 

2 

5 

3 

1 

1: 

3 

[ 2 ] 

3 

1 

3 

1 

3 

2 

1 

1 

2 

1 

1 : 

2 

1 

1 

1:: 

2 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1; 
3 
1 
8 
1 
2 
2 
• • • 

1 

5 

2 

I 

3 

1 


Summary Description from a 
Comparison of all the 
Observations, Bemarks, Ao. 


lofObs. 
by h. 
landH. 


Total 
No. of 


cB; S; mbM« 

F; S; vlE;glbM; *10, 75". 

Cl;vF;S 

F; L; R; vglbM; J att 

F;pS;lK;r 

pF; S; R; pmbM 

F;pS;R; VglbM 

S; R; rrr 

Cl; vL; pRi; IC; stL and S .| 
0; B; S; ill; rrr;8tl4 .. 

CI;pB;S 

F; S; R; bM; p of 2 ..... 

No description 

vB; S; Eorbi-N; bM; 8pof2 
vF; S; R;8bM;28tDr; nfor2 

pF; pL; R; glbM 

pF;S;iR;p8lbM 

No description 

F;pS;R; VglbM 

pF; pL; lbM;h. 341 nr... 
Cl; pF; S; R; 2nd of 3 ... 

F; R; *13, s 

Cl; pB; pS; pmE; stl2 ... 

vF; pL; 2B st v nr 

Cl; pL; IRi; 1C; 8tl0.a.l5 

S; R; close $ in M 

eF;pS; R;gbM 

pB; L; R; gmbM 

pF; pS; R; 2st att 

B; R; r 

vF;S;l8tof4 

B; pL; R; gUM; r; 2nd of 4| 
F; vL; vmE; vgvIbM ., 

eF; vS; *12, sf 

F; S; 3rd of 4 

Cl;pS;lRi;8tvS 

pB; vS; R; 4th of 4 

vF; R; p of 2 

Cl ; stL, VC8C 

|eF; pL; iR 

F; pL; pmE; 2 or 3stllnf... 
F; S; R; *13att, 135“ .... 

vF; S; R 

vLdilf neb in zigzags?? .... 
vB; pL; R; gbM; f of 2 . 

Cl; pC; StL and S 

vF; pL; vglbM 

vF; a; SvSst inv 

Cl; L; mC; « 9 

vS; vF 

vB; vL; vimE 

vF; S; R 

cF;S;R;glbM 

IcF;S;gbM 

See No. 5062 

F;S;H:gbM 

B; L; ill; vsmbM { 12 

Cl+»el>; pL; pRi; 8tll...l8j 
vF; niE; glbM; «7,8np ... 

pB;pS;iR;rr 

IpF; pL; iR; 2 or 3Bst nr ... 


8 

3 

1 

2 

2 

3 

1 

1 

1 

2 

1 

2 

0 

5 

3 

1 

2 

1 

3 

0 

3 

1 * 

3 

1 

3 

2 

1 

1 

2 

1 

1 

2 

1 

1 

1 

2 

1 

1 

1 * 

1 

0 

1 

1 

!• 

1 

1 

1 

8t 

1 * 

8t 

1 

2 

2 

1 

1 

8t 

2 

1 

3 

1 
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SIB J. F. W. HEESCHEL’S CATALOGUE 


References to 


No. 

of 

Cato- SirJ. H.’sSirW. H. 


Annual 


Annual 


Right Pret^ion No. Nor^ Polar Pre<^on No. Summary Description from a 

iM I /\f lliAfa«a/aA %«« ^1^ ^ ^ rimjifl 


Aaoemion 

for 


in of 
Right Obx. 


Dutanoe 

for 


logue. Catalogues Claases 1660, Jan. 0. Asoeusion used. 1860, Jan. 0. for used 

.rv*uV.i_ J v.. .ftuuioriues. toon IQOA 


ofNebulie. and Nos, 


for 1880. 


WBT» Comparison of all tho 

N.P.D. 0^ Observations, Remarks, 4c. 


h. 

992 2723 

993 2725 

994 2724 

995 2728 


344 

VIII. 6l 

345 1 


= \ 

III. 500 

2714 J 

III. 268 

2727 


2726 


2719 


(147) 


2729 


2731 

V. 32 

2733 


346 



2734 
2730 
2736 

2738 

2735 

2733* 

2739 


A 531? 


A 81 


4 58 11*0 -0-027 
4 58 18-6 -0-590 
4 58 23-2 +0 093 
4 58 28-2 -1-562 
4 58 35-7 -1-4-041 


157 27 6-5 
160 38 26-5 
156 38 1-4 
164 29 44-2 
53 8 20-3 


4 58 37-6 -1-2-860 3 99 20 30-1 


4 58 42-9 -1-2-643 
4 58 43-5 -0-390 
4 58 44-0 -f-0-153 
4 58 56-6 -H 2-797 
4 59 12-2 -0-294 
4 59 20-7 -0-109 
4 59 52-1 +0-170 
4 69 65-9 +2-993 


VIII. 41 


2740 

2747 I 

2746 I 

2743 j 

2744 

2752 

2748 

2753 

2750 

349 VII. 4 

2749 

2754 

2756 

2758 

2755 

(199) 

2757 


A 233? 


A 549 
A 235 


A 236 


II. 292 


A. 246 


Br. 895 


4 59 57-5 
6 0 12-6 

5 0 20-2 
5 0 23-9 

5 0 36-4 

6 0 58-7 

5 1 1-0 

5 1 10-9 
.5 1 34-1 
5 1 44-4 
5 1 51-5 

5 1 61-9 

6 2 1-9 

5 2 31-5 

6 2 37-5 

5 2 60-1 

6 3 4-7 
5 3 9*1 
5 3 16-9 
5 3 27-3 
5 3 54-8 
5 3 55-4 

5 3 56-0 

6 3 68-7 
5 3 59-1 
5 4 2-0 
5 4 22-1 

5 4 47-9 

6 4 51-8 
5 4 53-3 
5 5 2-2 

5 5 10-7 

6 5 12-8 
6 5 16-9 
6 6 22-7 
6 5 33-9 
5 5 35-8 
5 5 52-9 

5 5 56-2 

6 6 3-3 
6 6 3-7 
5 6 12-5 

5 6 28-0 

6 6 32-8 


-0-926 
! +4-723 

—0-542 
+ 2-056 
-0-426 

-0-472 
+ 0-710 
+ 2-260 
-0-440 
+ 3-647 
+ 1-544 
-0-344 
+ 0-128 
-0-159 
+ 3-453 

+ 2-071 

-0-448 
+ 0-086 
+ 2-340 
+ 2-341 
-0-586 
-0-054 
-0-648 
-0-048 
+ 3-458 

+ 0-076 

-0-049 
+ 0-104 

-0-595 

+ 0-834 
-0-328 
+ 0-101 
+ 2-088 
-0-411 

-0-177 

-0-403 

+ 0-275 

+ 2-702 
-0-679 
0-381 
0-415 
0-278 
0-677 
-0-246 


108 22 53-0 
159 36 16-7 

156 11 37-6 
102 4 3-7 

159 3 36-9 

157 57 2-5 
156 2 39-3 
93 32 59-7 

162 5 37-4 
38 7 8-8 

160 21 49-6 
128 11 33-0 
159 45 22-5 
159 59 38-4 
151 19 31-6 
122 8 40-1 
159 48 27-9 
66 4 49-8 
139 45 48-3 

159 16 55-8 
156 18 4-4 

158 11 17*6 
73 39 38-9 
127 41 47-0 

159 49 11-8 

156 34 15-4 

119 27 56-5 
119 26 7*1 

160 30 43-6 

157 29 41-2 

160 48 33-6 
157 27 2-5 

73 28 42-5 

156 37 3-6 

157 26 48-4 
156 23 46-6 
160 31 53-0 
149 64 12-5 
159 7 51-0 
156 24 57*5 
127 9 17*3 
159 34 33-2 

158 14 14-8 

159 31 45-1 
155 6 40-7 
105 53 13-4 

160 55 5-7 
159 23 56-5 

159 35 14-6 
158 48 40-9 

160 53 56-2 
158 37 28-8 


3 B; S; R; smbM; J+neb .. 

1 eF:pL:iR 

1 vF; S; R; gbM 

1 eF; E; • 9att, f 

1 Cl; pC; iRi; iF; stL 


3 pB; S; R; gptnbM. 



1 eF;vS; stellar 

2 0; pB; S; R; pmbM; rr ... 

2 cB; L; R; vgpmbM; r 

1 pB; pL; vIE; vgbM; ainst.. 
1 No description 

3 vB; pS; IE; v8vmbM*9 ... 

1 Cl; vL; pRi 

2 B;cL; R; bM S* 15; *10, 

318°. 

1 vF; pS; R; vglbM 

1 Cl group of 8 or 9 stlO 

1 eF; S; R 

3 vB; vL; inE314°; glbM; rr 

2 F;S;R;glbM 


2 pr ; pS; pmE; vglblVI 2 

1 pB; pmR; gpmbiM; *131 ... 1 

4 F; pL; R; VglbM; p of 2 ... 4 

1 Cl; St c sc 1 

1 F;S; R; VglbM; «ll8f;? neb 1 

2 F; S; R; bM 2 

5 B; vS; v8mbM;8t+neb 5 

1 pB; L; gbM 1 

1 Ci; pRi; stL and S 1 

2 B; L; E; psbM 2 

1 pF; S; R; gbM; 2ud of 2 ... 1 

5 cF; 8; R; IbM; 0f 5 

2 cF; S; IE; p of 2 2 

2 F;S; R;glbM;fof2 2 

1 vF; 8; R; r 1 

2 vF; R; 8 of 2 in Cl 2 

2 F; vS; R; vIbM; am 8t 2 

1 vF; R; 2nd neb in Cl 1 

2 CI;L; Ri;IC;8tll...l4 ... 5 

6 0; vB; pL; R; vmC; rr ... 6 

1 Cl;pL;Ri;C;iF 1 

1 vF;S;pof2 1 

1 Cl; pF; L; iF; 8tl2.,.15 ... 1 

2 vF; pL; vmEl62°-0 2 

1:; No description 1 

1 vF;S;fof2 1 

1 vF; vmE; long ray; «llinv. 1 
4 F; S; R; Ist of 3 4 

1 F;pL;R;r 1 

4 F;nS;R;2ndof8 4 

2 B;L;R;glbM;r 2 

1 pB; iH; inbM; cSnfl' 1 

1 vF; pL; Ist of sev 1 

1 0?B;eS;lE I 

4 cB; S; U; gmbM; 3rd of 8 m 4 

2 8t+neb; Ist of lev 8 

2 CI:L;Ri;itio 8 

1 Cl; vie 1 







OF NEBTJLiE iLND OLTTSTEES OF STABS, 



BeferencM to 


SirW.H.’* 
Claasea 
and Nob. 


Other 

Authoritiea. 


Annual 

Bight Freoeasion No. North Polar 

Aaoension in of Diitanoe 

for Bight Oba. for 

1860, Jan. 0. Aaoenaion used. 1860, Jan. 0. 

for 1880. 


1050 2768 

1051 2771 

1052 2788 

1053 2772 

1054 2773 

1055 2770 

1056 2774 

1057 2776 
1068 2776 
1069 2778 
1060 2780 

1061 2777 

1062 2781 

1063 2779 

1064 2782 

1065 2783 

1066 2784 


XI III B B 

A. 170? 6 6 38*4 -0*278 

5 6 46-2 0*909 

6 7 1*6 9*684 

0*060 
0*068 
0*651 
0*089 
0*343 
-0*785 
+0*078 
-0*309 


A. 170? 
A. 508 


350 VII. 33 

2785 

2786 

2787 

2790 
2789 

2791 

2792 
2794 

2793 
2796 

2796 

2798 

2799 

2800 

2802 

2801 

2803 

2804 

2805 

2807 

2797 

2808 

2810 

2809 

VII. 34 

2812 
2814 
2813 


A. 172? 


A. 173? 

A. 173?? 
A. 247? 248? 


A. 210 


858'| 

2806 J 
352, a 


2816 
2811 
2815 
851 
2818 
2817 
358 I VIII. 4 


3 59*0 

5 14 6*5 

6 14 7*8 
5 14 8*8 
5 14 9*6 
5 14 16*2 
5 14 19*0 
5 14 26*2 

5 14 37*2 

6 14 37*9 
5 15 3*1 
5 15 15*7 
5 15 28*7 
5 15 45*0 
5 15 47.*4 
5 15 53*7 


+ 0*071 
+0*376 
- 0*092 
0*386 
0*105 
0*423 
0*086 
0*434 
0*432 
0*434 
-0*651 
+ 2*244 
-0*436 
-0*421 
+0*091 
4*452 
0*084 
0*362 
0*061 


5 16 3*7 +2*802 


R, nova 6 16 


16 5*8 
16 20*8 
16 31*9 
16 32*3 
16 56*7 


-1*017 

+2*124 



Annual 

PreoMsion No. 
in of 
N.P.D. Obi. 
for used. 

1880. 


161 56 6-8 
174 12 38-6 
157 27 15*9 

157 29 56*8 

160 44 41*2 
167 37 67*8 
159 8 54*1 

161 21 52*1 

156 28 44*3 

158 65 47*0 
130 12 20*1 

157 56 58*9 
147 33 40*1 

159 1 12*6 


8*1 +3*802 


162 13 65*5 
125 51 33*8 
155 6 43*9 
56 44 33*9 
159 36 42*2 
157 28 36*8 
69 58 11*1 


Summary Description from a 
CompariBon of all the 
ObserrationB, Bemarks, ie. 


2 st+neb; pB* iF; 2n(l of aev 2 
1 F; R; bM; r(?min.of R.A.) 1 

1 pF; L; iR; vsbM; r 1 

2 vvF;R;pof2 2 

6 pF; pL; R; gbM; fof2 5 

2 Cl; vICM; st9, 11...16 2 

4 pB; cL; R; vglbM; r 4 

2 B; S; IE; {in M 2t 

1 CI;vlC;8t9, 1 

1 vF; S; IE; glbM 1 

6 01 vB; L; IE; vmCM; rr... 6 

2 01 vB; vL; R; vavvbM; 3 

rrr. 

4 F; pL; R; vglbM 4 

3 F; S; mE 45°; vgvlbM; *11 3 

nf. 

5 0; cB; S; R; gbm; 2dof 3 5 

1 Cl; vB; L; R; 8tl2 1 

3 B; pL; R; gbM; 12V diam 3 

R.A. 

1 Cl; pRi; pC; 8t7, 2 

7 B; L; iE; biN; Cl+neb ... 7 

1 F; S; R; vgbM; * 7 nf 6' ... 1 

1 F; pL; R; vgbM 1 

1 eF; pL; R; gvlbM 1 

1 pF; L; iR; v^I; r 1 

5 vB; vS; R; r or stellar 5 

2 F; pS; iR ; bM ; r or stellar... 2 

3 vF;pL; R; VglbM 3 

1 vB; L; R; vgmbM; r 1 

1 eF; pL; R 1 

2 pB; pL; R; vglbM 2 

2 Cl; L; pRi; stsc 2 

2 B;S;R;glbM 2 

2 Cl; IRi; 2Dd of sev 2 

4 pB; R; gbM; 1st of group... 4f 

1 Cl ; 3rd of sev 1 

1 Deb&CI;biN If 

4 pB; iR; biN; 2nd in group... 4f 

1 vF; 3rd of group in Cl If 

1 vF; IE; gvlbM; r 1 

1 vF; L; R; vgvlbM; ♦12p ... I 

1 4tli N, of neb in Cl H 

1 vF; {p If 

1 pF; R; vgvltM; r I 

1 Cl; vF; pRi; pC; iF 1 

1 eF ; pL I 

1 pB; vS; R; bM 1 

1 vF;vS; R; ♦p25’' 1 

2 pB; pL; R; r 2 

... Makes a close D neb with 0 

h.362. 

1 vF; S; R; glbM 1 

1 Cl; L; Sc; {taken I 

2 cF; pL; E 90°±; VglbM ... 2 

1 CI;L;Ri;lC 1 

1 F; pL; R; sbM; r; at inv ... 1 

4 pF; pL; R; gvlbM 4 

l;;CI;vlRi; vlC;at9...12 3 


HDOCCLXIT, 


X 
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. am J. F. W. HEBSCHEL*S GATlLOaUS 


Beferenoes to 


Other 

Authoritiei. 


Annual 

Bight PnoMiOB 
Aaoennon in 
for Right 

ISGOlJan. 0. AwenMO B 
for 1880. 


Annnitl 

PieoMiion 

in 

N.PJ). 

for 

1880. 


Suininai 7 Deeerqttion from a 
Companion of aD the 
Obiervatioiis, Bemaii^ Ao. 


1105 8820 

1106 8888 
1107 8881 
1108 8819 
1109 8834 


1113 4016 


vn.89 

V. 33 
V. 38 


1117 

1118 

8887 

8886 


(356 

1181| 

1188 

1183 

1184 

8830 
8888 
8889 

8831 


A. 189 


1188 8834 


1189 8835 


1131 8837 

1138 8838 


lilFWl 


1134 8839 

1135 8840 

1136 8836 


355 


in.’447 


A. 131 


8848 
11461 8847 


A. 175 


A. 89? 


A.SS7? 


1IL890 


m a 
17 44-0 
17 «1*1 

17 58*4 

18 1‘2 
18 7‘8 

8 14*1 
8 88*1 
8 85*6 


-0*118 

-0*495 

-0*180 

+0*475 

-0*308 

+0*013 

-0*436 

+8*469 

-0*087 

+4*001 

3*011 

+8*881 

-0*416 


1168 9874 


A. 911 


5 84 86*6 
5 84 48*3 
5 85 8*5 
5 85 37*5 

5 86 40*3 

6 85 47*4 
5 85 50*6 
5 86 3*9 
5 86 4*1 
5 86 16*7 
5 86 84*5 
5 86 31*0 
5 86 39*9 


57 35 80*6 
59 47 44*6 

58 1 7*8 
53 10 14*8 
58 44 6*8 
56 46 1*1 


159 

39 

51*5 

98 

89 

41*4 

159 

36 

55*4 

158 

3 

33*7 

136 

51 

6*8 

55 

58 

3*6 

156 

16 

28*3 

158 

8 

52*6 

158 

5 

19*6 

158 

6 

22*5 

158 

1 

49*5 

160 

4 

39*8 

157 

18 

47*1 


5 83 51*4 + 0*358 
5 23 53*8 -0*608 


154 4 85*8 
160 16 48*9 


-1*138 
+0*085 
0*034 
0*855 
+ 0*051 
- 0*896 
-0*561 
+3*605 
+0*003 
-0*368 
+8*738 
-0*137 
-3*085 


1 168 
1 156 

1 156 

1 164 

1 156 

1 158 

8 160 
1 68 
8 156 

8 158 

1 104 

1 157 
8 167 


36 15*8 

34 43*9 
30 89*8 
52 39*3 
83 6*3 

35 38*3 
1 83*3 
5 10*5 

48 31*8 
57 8*5 
9 58*5 

37 88*4 

51 34*3 






















































or mSULM AND CLXTSTEBS OF STABS. 


Beferenoes to 


Other 

Authoritiee. 



S866 
ll65l 2866 
358 


A. 136? 
M.36 


m.747 


1168 2867 
1169 2861 
1170 2860 IV. 21 


A. 136? 



Bi^ 

Aioeneion 

for 

1860, Jan. 0. 


6 26 46-8 -«-M0 

5 26 50*2 -0*469 

5 27 15*3 -0*863 

6 27 3*1 +3*966 
5 27 11*2 + 6*681 

5 27 32*7 -0*348 
5 27 17*2 +2*094 
5 27 26*0 +2*636 



5 27 37*6 

5 27 43*2 

6 27 44*2 
5 27 46*7 
5 27 50*4 
5 28 1*0 


0*411 

0*132 

0*443 

0*361 

0*456 

0*455 

-0*129 

+2*945 

+2*968 


5 29 51*1 
5 30 25*2 


30 


5 30 64*5 
5 31 22*8 

4 31 26*5 

5 81 36*8 
4 31 44*8 

4 31 59*0 

5 38 15*9 
5 38 40*9 
5 38 41*8 


Preoeiiion 

in 

No. 

of 

Summary DeBoription fimi a 

N.P.D. 

for 

nied. 

Obs. 

, Compariflon of all tha 
Obseryationf, Bemarka, Ao. 

1860. 



-2*91 


1 94 26 60*5 

.. 95 21 48*7 

1 159 6 49*5 

1 159 14 12*5 

1 58 6 38*4 

4 160 4 57*4 

2 160 50 53*1 

68 52 20*4 
1 120 43 49*1 

91 17 44*7 
157 32 21*3 
120 59 31*4 
107 55 16*0 
159 14 1*3 
138 46 56*4 
64 15 45*5 
153 18 40*5 
138 47 31*0 
96 48 42*9 
I6l 48 34*9 

148 40 44*5 
156 49 13*3 

156 34 8*5 

157 23 18*5 

159 41 17*4 

147 4 8*3 
141 1 18*1 

141 8 48*1 

149 16 43*8 

160 44 58*8 
157 37 1*3 
169 47 84*4 



3 F; pL; iR; TgWM; 2nd of 
groapi 

1 F; vL; vgbM; 8rd ofgronpl If 
1 vF; pL; R; Ist of 4! l*f 

3 CI;B;vL;vRi;lC;8t9...1l8c 9 

1 cF; pL; iF; mbM; er; « inv 1* 

(? P.D.). 

2::F; S; 2nd of 41 

1 Cl; 818.. .11 1 

1 F; vS; R; v8vinl)M«12; Ssl 2 
in.. 

rci; pL; iF; Ist 9;'l r , 

4 'S + group of 4n neb pB; W ,•+ 

^R; pslbM; 3rd of 4 J ^ ^ 

2: No description 2 

1 Cl; Ri; 3rd of scv 1 

1 F; S; 4th ofgrof 7 If 

1:; 4th of 4 l*f 

1 5th of gr of 7 If 

1 6th ofgrof 71 D; a vS neb np If 
1 Cl;L;irr..... 1 

B.A.C. ill; d'Orionis & the great neb VsiL't 

B.A.C ! I; c* 42 Orionis & neb.i 2 

3 vB; .L; IE; vgpmbM I 3 

r vF; stellar X. j 1 

BXC. vF; tvL; ( 44 Orionis inv ...i 3 
1 Cl; vB; IRi; stL, sc j 1 

flvB; vL; R, with tail;! „ 

1 mbM*8*9 1 

1 Cl; vL; pRi; iF 1 

1 Cl; place of % 2 

1 cF; S; R; psbM 2 

4 B; pL; R; gbM 4 

2 F;L;IR;3stp 2 j 

... 1 1 !; variable (Chacornac) ... 0* 

3 vF; S; R; IbM; stnr j 3 

1 III; eL; s Orionis inv j 2 

1 Cl;4tbofsev 1 

1 eeF; vS j 1 

1 eF; vS; stellar j 1* 

2 Cl;eS;8tll...l6 1 2 

1 eeF; R; bM; diffic; p of 2.„. 1 

2 Cl; L; 1C; IRi 2 

1 eF; cS; R 1 

2 vF; R; gbM; 8ts; f of 2 ... 2 

4 B« inv in N 4 

1 F;pL;R;vlbM 1 

2 a; St 13m 2 

2 vB; S; R; * + neb in vLCl... 2 

^ 1 B; S; stellar; r ; 1 

6 ©;B;pL;pRi;C;etl2 ... 6 

1:: No description 1 

2 Cl; eL; vRi; vBvSNM 2 

1 eF;pL;R 1 

1 eF; pL; R; vlbM I 

4 pF;pS;R:glbM:in Cl 4 

1 F;oL;R;T{^bM 1 

1 vB; S;-R: psmbM 1 

1 vF; S;1E; bM; 2st9nf 1 
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. SIB J. P. W. HBESCHEL’S CATALOGUE 


Beforenoes to 
No. 

of 

Cata- Sir J. H.’s Sip W. H/b 
logue. Catalogues ClasseB 
of Nobulie. and Nos. 


Other 

Authorities. 


PreiMon No. ToUr Prec^on No. gummary Description from a 


Ascension in of Distance 

for Right Obs. for 

1860, Jan. 0. Ascension used. 1860, Jan. 0. 
for 1880. 


TO p n Ak Compariwn of all the 

a.r.u. OM. Obeemtioiw, Beniarlu, &c. 


A. 98 
A. 218 


1S28 2909 


1231 2912 

1232 2911 

1233 2910 

1234 2915 

1235 2913 


1237 S914 

1238 2916 

1239 2917 


12431 2918 
19 
22 

12461 (608) 


vni.28 


A. 241 
A. 100? 
A. 240 


A. 219? 


A. 220 


Lai. 10842 


2923 

2925 

2926 
2921 
2928 

2930 
2929 
2927 

2931 

2932 

2935 

2933 

2936 
(642) 

2924 

2937 


A. 102 



VIII. 2 


A 103? 

*‘m.‘78‘’ 

A 143 
A 142 


2934 III. 241 


5 32 43*1 
5 32 48 0 
5 32 52*0 
5 32 57*5 
5 33 7*7 
5 33 16*8 
5 33 29*3 
5 33 31*3 
5 33 46-9 
5 34 26*4 
5 34 40*0 
5 34 47*2 
5 34 47*8 
5 34 48*5 
5 35 4*3 
5 35 11*2 
5 35 20*3 
5 35 26*6 
5 35 33*9 
5 35 39*8 
5 35 45*4 
5 35 51*8 
5 35 52*8 
5 35 58*0 
5 36 18*4 
5 36 23*5 
5 36 25*7 
5 36 27*9 
5 36 35*9 
5 37 1*6 
5 37 7*7 
5 37 8*3 
5 37 11*1 
5 37 27*0 
5 37 35*8 
5 37 53*2 
5 37 54*6 
5 38 2*8 
5 38 3*3 
5 38 3*9 
5 38 14*7 
5 38 17*9 
5 38 24*3 

5 38 24*6 

6 38 27*3 
5 38 42*9 
5 38 49*3 
5 38 57*3 
5 39 6*6 
5 39 10*9 
5 39 21*0 
5 39 34*1 

5 39 37*8 
5 39 40*7 
5 39 49*8 

5 39 59*5 

6 40 1*0 
5 40 9*0 
5 40 35*0 
5 40 49*6 


+6*02 
-0*177 
0*448 
-0*583 
+2*643 
-0*8)9 
0*624 
0*180 
-0*139 
+ 3*283 
3*019 
+ 3*028 
-0*964 
+ 3*557 
-0*058 
0*585 
-0*158 
+ 0*073 
-0*804 
0*162 
0*553 
0*055 
0*163 
0*416 
0*553 
- 0*710 
+ 3*273 
-0*l60 
0*070 
0*391 
-0*444 
+3*375 
-0*644 
0*635 
-0*522 
+ 2*300 
-0*479 j 
0*810 
0*567 
0*139 
0*485 
0*755 
0*652 
0*631 
0*624 
-0*438 
+2*174 
-0*055 
+3*276 
—0*646 
-0*634 
+3*072 

-0*409 

-0*423 

+ 8*077 
+2*532 
-0*499 
-0*740 
+2*670 
-0*534 


1 24 16 50*7 

3 157 47 24*3 

1 159 21 16*3 

1 160 3 5*6 

1 107 55 45*9 

1 161 10 19*2 

2 160 15 3*1 

2 157 48 16*7 

1 157 32 58*0 

2 80 59 3*8 

1 92 18 43*1 

2 91 55 43*7 

1 161 47 2.3*1 

1 69 57 43*0 

3 157 0 29*6 
1 160 2 26*6 

2 157 38 43*5 

2 156 6 50*8 

2 I6l 5 22*5 

6 157 39 47-1 

1:: 159 62 28*8 
1 156 68 42*7 

3 157 40 20*7 

1 159 8 38*7 

1:: 159 51 30*6 

3 160 38 22*6 

1 81 25 37*9 

5 157 39 3*2 

4 157 4 23*8 

1 ,159 0 17*4 
1:: 159 17 32*7 
1 77 10 43*0 

1 160 18 59*7 

1 160 16 15*3 

1 159 41 40*9 

2 120 8 42*2 

1 159 28 11*8 

1 161 5 21*8 

1 : 159 52 11*8 
1 157 30 8*4 

1 159 29 59*7 

1 160 45 15*4 

1 160 20 40*7 

2 160 14 33*7 

1:: 160 12 26*7 
’ 159 14 36*6 

124 1 5*3 
156 56 50*8 
81 16 35*1 
2 160 18 26*8 
1:: 160 15 5*4 
90 0 15*7 

159 4 43*3 
8 1 159 10 18*3 
89 46 49*6 
112 3 59*6 

159 38 85*2 

160 45 20*2 
106 48 12*4 
159 48 48*3 


1 

Cl; vIRi; stll 

1 

3 

Cl; pL; pC; iF; 8t9...15 ... 

3 

1 

Cl; vL; Ri; vlC 

1 

1 

F; vL; iR;gbM 

1 

1 

ClofLst 

1 

1 

pB; pL; H; pglbM; wlOpinv 

1 

2 

B;pL;gbM 

2 

2 

F; vL; vlE; vgIbM 

2 

1 1 

vF; S; R; inpLCl 

1 

2 ! 

0; pB; vS; vIE; r? 

4 

1 

HiK in MofL, IE neb 

1 

2 

jlirr; B; vvL; black sp inci ... 

2 

1 

IvB; vS; IE; ginbM; r 

1 

1 

CI;lRi;lC;stpL 

1 

3 

Cl; vL; Ri; 8t9...11 

3 



pB; pL; It; gbM; incLCl... 
pB; L; ill; gbM; 1st of 3 ... 

0; B; pL; 11; gbM; rr 

B;L; E; 2nd of 3 

; Cl ; DO description 

ri* vl • Ri 

|B;'L; il; bM;”3rd of 3 !!!!!! 

|vF;pL;R;gbM 

: Cl ; no description 

!pB; S; II; gbM; *9,np 

iCI; vL;Ilti;IC 

F; L; iK; glbM; r 

B;S;l{;vglbM 

Cl; vL; Hi; st 12... 15 

;:CI; no description 

j«8, 9i with Fneb 

vF; 11; gbM; l8tof7 

lF;S;lE;2ndof7 

vF;L;pinE 

vF;S;Il;bM 

Cl+neb; mC; iF; stvS 1 

pB; S; 11; gbM 1 

eF;vvS;vglbM 1 

F;pL;IE;gbM 1 

Cl; vL; Hi; &tl0...15 1 

pB; 11 ; bM ; p of 2 ; «9 bet... 1 
pF; S; R; gbM; 4thof 7 ... 2f 
vB; pL; It; gbM; 3rd of 7... 2f 
vF; 5th of 7 2f 

: neb; no description 1 

CI; L;lC;8tl3 1 

vF; pi$; E; glbM; 28t 10, •». 1 

Cl;^or;Ssctt 3 

13; H; 6th of 7 2+ 

:vF; vS; E; 7thof7 

B; L; wisp^sb; vgmbN; 8sl 
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Boferencea to 


Oata- SirJ.H.’g SirW.H.'g 
logue. Catalogues Classes 
of Nebulot. and Nos. 


Otber 

Authorities. 


Bight 

Aseension 

for 


Annual 

FrecoKnon 

No. 

North Polar 

Annual 

Precession 

No. 

in 

of 

Distance 

in 

of 

Right 

Obs. 

for 1 

N.P.D. 

0^. 

Aflccnsion 

used. 

1860, Jan. 0. 

for 

used. 

for 1880. 



1880. 




Comparison of all the 
Observations, Bemarks, tus. 


1 neb; np ofgrof 4 

1 neb; sp of grot' 4 

1 B; U; f of D neb 

1 Cl; vF; mC; Rt+ncb.., 

3 pF;L;R;glbM 

1 ; neb; nf ofgrof 7 

1 : neb; sfofgr of 7 

1 : vF; R; ♦lOvnr 

1 : B; pS; R; IbM; #10, p 

1 eF; pS; R; vlbM 

2 vF; S; R 

1 vF; eS; stellar 

2 0; B; pL; iR; gbM .. 

1 vF; S; mE; glbM; ?D 
1 vF; pL; R; rr 

1 vF;S;R 

2 vF; S; R 

2 Cl; F; cS; irr 

1 : : neb ; no description 

3 Cl;Ri;pCM;8tL&S 

3 vF;pS;iR;pslbM*l6 
2 0;B;S;rr 

5 0; B; pL; irrR; rr .. 

1 eF; pS; R; 3stl0 sf..... 

1 ::'neb; no description 

1 pB; L; pmE; gbM#13 

1 pB;pS;R;glbM 

2 F;pS;R;gbM 

1 vF;S;vlE;gbM 

2 pB; pS; R; gbM 

1 eF; pL; IE 

» F; pS; U; vglbM 

1 eF; cS; IE; pslbM; er 

2 vF; S ; R ; gbM 

1 Cl;pL;IRi;pC;stS .. 
S Cl;F;S;iF; vlC;rr .. 


1 ceF ; vS ; 3stl 0 sp 

1 F;S;R;*llp 

5 F; pL; iR: vlbM; rrr 

2 0; vB; vS; vsinbM; rr.. 

2 i F; pL; R; VglbM 

1 vF; cL; vgbM 

5 Cl;pB;iF;gvn>CM;stl5 

3 pB;vS;R;gbM 

1 eeF; pS; E; r 

1 vF; pS; R: gbM 

1 Cl,notRi; l#7in 

3 pB;vS; R;gmbM 

1 Cl;pL;40or50st8...15 

7 F:pS:R;glbM 

1 vF;pS;R;gbM 

1 Cl;vlC;stL&S 

2 F;pL;n;gpmbM 

1 0;B;pL;R;gmbM;r 


0; pB; H; gtnbMj rr 
St 14... 16. 




OO CO 





































Beferenoeato 



Other 

Au&oritieB. 


A 194 
A. 223 ? 


Auw. N. 21 


1372 3021 


1376 

1377 

1378 

384 

3025 

3022 



11379 

11380 

3027 

3023 



1382 

3026 



1384 

1385' 

3024 

3028 

11 

■n 


VIL 57 
VL *6 


Annual 

Bight Freoeinon Na 

Aaoeorion in of 

for Bi^t Obt. 

1860, Jan. 0. Aaoniaion mod. 

for 1880. 


North Polar 
Distance 
tot 

I860; Jan. 0. 


5 54 23*3 
5 54 34-6 
5 54 55*9 
5 55 1*4 
5 65 15*5 
5 55 39*0 


5 56 13*4 
5 56 22*5 
5 56 50*7 


-0*503 
-f 0*090 
+2*482 
-0*342 
+2*822 
+3*206 
-6*638 
0*798 
-0*274 
+0*836 
9 



Sununary Description fiwm a 
Comparison of all the 
Observations, Bemarks, do. 



5 

57 

13*7 

-0*416 


5 

57 

34*0 

+ 1*437 


5 

57 

46*1 

+ 0*010 


5 

57 

52*5 

-0*119 


5 

58 

9*8 

+ 0*141 

A. 1^ 

5 

58 

32*0 

-0*316 

A. 161 ? 

5 

58 

35*9 

-0*447 


5 

58 

49*3 

+3*670 

A. 193 

5 

58 

50*0 

—0*345 


58 50*7 

59 33*7 
59 36*3 
59 39*1 
59 59*5 

0 4*7 


2.885 
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Beferenoes to 


SirW.H/i 


H. 

VII. 13 


IEEhSI 


1400 3040 

1401 3041 


14041 3042 
1405] 3044 

1406 3045 

1407 3043 


VII. 20 


A. 201 


Auw. N. 22 


m 


VIII. 26 


14221 3054 
1423* .3053 


14261 .393 


1427 3055 


1432 397 

1433 3056 


VIL 2 UU<iooaRA.C. 


Aaw. N. 23 


398 I VIII. 48 


1439 3058 


V.27 
VIII. 5 


VI. 21 


VI. 8 

Vlf. 36 


15 Modoc. 


iMMuion 

for 

1860^ Jan. 0. 


6 9 33*3 
6 10 13*2 
6 10 22-6 
6 10 23*9 
6 12 5*0 
6 12 33*1 
6 12 45*1 
6 13 34*4 
6 14 5-0 
6 15 36-9 
6 16 4-8 
6 16 25*2 

6 16 28*9 
6 17 5*4 
6 18 . 1*5 
6 18 1*9 
6 18 43*9 
6 19 44-5 
6 19 57*6 
6 20 1*4 


6 20 49*4 
6 20 55*3 
6 21 0*8 
6 21 1*6 


6 21 13*5 
6 21 49*5 


1447 3061 


6 27 8*4 
6 27 23*7 


6 28 25*1 
6 28 59*1 
6 29 25*9 
6 30 47*9 
6 31 2*3 
6 31 31*4 


6 32 41*8 


6*S8 40*5 
6 84 32*6 
6 81 31*5 
6 86 26*7 
6 86 85*5 
6 87 3*1 
6 87 7*0 


No. 

North Polar 

of 

Bistanoe 

Oba. 

for 

uied. 

1860^ Jan. 0. 


2*964 1 

1*753 1 


3*372 1 

2*847 1 

2*536 1 


•f 2*956 

1 

94 57 53*2 

3*269 


81 32 16*8 

3*199 

0) 

84 32 14*7 

6*043 

1 

24 2 15*6 

3*263 


82 13 44*4 

2*153 

2 

124 42 52*7 

0*825 

3 

154 13 23*4 

3*329 

1 

79 0 33*4 

3*041 

1 

91 20 42*7 

3*278 

3 

81 8 20*5 

3*101 

1 

88 43 47*6 

2*462 

1 

114 43 55*6 

3*305 

1 

79 59 24*7 

8*354 

1 

77 57 3*2 

8*748 

1 

62 58 35*6 

2*286 

1 

122 20 49*8 

8*180 

0) 

85 17 41*1 

3*154 

1 

86 24 51*4 

2*503 

8 

113 20 15*0 

+2*890 

3 

117 19 87*3 


Summaiy Deaeration firom a 
Companion of all the 
Obaemtiona, Bema^ 4o. 


152 29 50*0 

111 19 46*4 

116 43 35*4 
163 47 55*3 
169 5 2*4 
I6l 29 30*7 
158 13 12*4 

97 14 22*3 

112 0 58*2 

117 10 38*1 
70 35 28*2 

94 87 19*9 
134 41 54*5 
147 29 35*0 
147 27 30*0 
112 46 8*0 
77 16 45*6 
99 34 30*9 
111 56 24*9 
154 23 21*3 
154 52 49*6 
154 65 25*2 

157 27 7*2 
94 40 44*6 

154 58 9*5 
73 13 33*5 
154 51 45*3 

83 4 23 2 

84 57 32*2 
54 42 17*1 

158 50 33*8 
121 11 28*4 

85 2 14*5 
79 44 43-1 

63 35 16*9 


+0^1 

0*90 


pF;pS:yIEtbM;r 
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SIR J. F. W. HEESCHBL’S CATALOGUE 


BeferenoM to 


Other 

Authoritiee. 


Bight 

Asoension 

for 


Annual 

Precession No. 
in of 

Bight Obs. 

Ascension used, 
for 1880 . 


406 

407 
1450! 3062 


H. 


11.615 6 38 2*9 

II. 614 6 38 2*9 

6 39 16*6 

Vni.71 6 39 30*5 

III. 271 6 39 46*2 

VIII. 31 6 40 39*4 


1459 3063 


1462 

3066 

ass 

• •• 

1463 

3065 

s s s 

• • • 

1464 

412 

s s s 

• • • 

1465 

413 

VI. 

27 

1466 

414 

VIII 

.39 

1467 

415 

VI. 

2 

1468 

3067 

sss 

ISS 

1469 

416 

VIII. 

51 

1470 

3068 

sss I 

I • « 

1471 

* 417 

VI. 

18 

1472 

3069 

sss s 

• • 

1473 

418 

VIII. 

60 

1474! 

419 

• • • • 

• • 

1475! 


• t f • 


1476' 

420 

• • • i 



F;S;bM 


1488 

3072 

r 

11. 735 

1489 

429-^ 

III.I75 

1490 

432 

VIII. 40 


4*658 1 


431 III. 899 
VIII. 32 


1496 434 


14991 3073 


VIII. 33 


6 58 54*3 

6 59 54*6 
6*6 
9-7 

27*9 

7 1 35*7 


7 -2 47*51+5*827 I 1 I 2 

































OF NEBTJLE AND CLDSTEES OF STABS. 


73 



KDOOOLZiy, 























74 


SIE J. r. W. HBESCHEL’S CATALOGITB 


Beferonoes to 


H. 

11. 89a 


VIII. 47 
VIII. 46 


11.616 


IV. 39 


Other 

Authoritiee. 


Sight 

Aaoenrion 

for 


Annual 


for 1880. 


+ 4-676 

1- 739 

2- 715 
2-719 
4-715 
2-656 

+ 3-377 
-0-117 
+3-833 
4-653 
2-755 


37 20 50-0 
137 18 28-9 
106 11 49-4 
106 1 50-0 
36 34 59-8 
108 45 38-6 
80 24 50-1 


+8-00 

4r-93 

7- 98 

8 - 00 
8-16 
8-12 
8-17 
809 
8-20 
8-22 
8-18 


Sununary Deacription from a 
Compariaon of all tbo 
Obaerrationa, Bemadu, Ac. 


15671 3095 I IV. 64 


1571 

3098 

1572 

466 

1573 

3099 

1574 

3100 

1575 

3101 

1576 

3102 

1577 

467 

1578 

468 

1579 

469 

1580 

3104 


582 I 

583 I 

584 

585 

586 

587 

588 ^ 

589 

590 470 


III. 479 


III. 836 


R. nova 
A. 535 
M.47 


R. nova 


A, 626 


R. nova 


7 42 52-2 
7 42 56-7 
7 44 24-4 
7 45 47-6 


+ 4-803 
2-542 
2-522 
2-138 
2-457 

2- 459 
2-611 
4-838 

3- 280 
+4-908 


7 46 20-9 ~0-423 


R. 8 novae 7 47 + 


7 46 40-1 

+2-488 

7 46 42-0 

4-905 

7 47 11*2 

4-660 

7 47 


7 47 18-9 

2*133 

7 48 20-5 

2-751 

7 48 39-8 

2*700 

7 48 60-3 

3-602 

7 48 + 


7 49 0-6 

2*544 

7 49 1-8 

2-453 

7 50 26-3 

: 4-881 

7 50 36-9 

2-396 

7 50 53-9 

3*682 

7 SO 

c,e e • • • 

7 50 55-0 

4*067 



7 51 11-3 

Lxuu® 


116 2 1-1 

32 67 5-9 

36 46 9'8 

6 

128 11 8-3 

W. 105 3 19-3 

1 107 21 4-6 

1 65 52 5-8 


117 29 59-5 9*25 

33 3 54-6 9*42 

119 41 58-1 9*37 3 


32 49 17*4 9*48 

88 52 4*7 + 9^*9 
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Beferenoesto 


Other 

Authoritiee. 



viir. 1 

483 I III. 605 
483, a 


III. 513 
III. 7 


R. nova 
D’ArreM, 51 


1619 3111 
1630 3110 


16331 486 I III. 877 

VIII. 30 
16351 487 I III. 753 

11.736 

1637 3113 

1638 490 III. 840 

1639 491 IV. 55 

1630 3114 VII. 11 

III. 710 



11.719 

11,637 


B.A.C. 3073 


A. 563 
A. 411 
C.H. 


VI. 83 


III. 711 

16401 497 I 11.308 

111.356 
111.606 


D’ Arrest, 53 

500 III. 607 

501 11.634 
3119 

III. 388 




Bight 

AEoension 

fbr 

1860, Jan. 0. 

Annual 

PMMMion 

in 

Bight 
Aaoenaion 
fbr 1880. , 

mmm 


7 53 8*3 

+2*778 

7 53«I3*0 

1*565 

7 53 15*3 

4*672 

7 53 15*8 

2*858 

7 58 39*5 

3*409 

7 54 31*8 

2*675 

7 54 45*3 

3*586 

7 54 33-6 

8*273 

7 54 40-8 

3*27 

7 54 47*3 

8*273 

7 54 48*7 

3*255 

7 55 13*5 


7 56 1*4 

1*004 

7 56 17*4 

2*825 

7 56 48*9 

2*457 

7 57 32*1 

4*938 

7 59 0*5 

2*845 

7 59 28*3 

2*461 

7 59 54*8 

3*451 

8 1 15*3 

3*857 

8 1 23*3 

2*419 

8 1 50*7 

4*775 

8 3 18*1 

4*271 

8 4 7*8 

2*819 

8 4 36*3 

4*404 

8 4 43-3 

2*817 

8 4 51*0 

3*919 

8 6 3*9 

8*524 

8 6 26*4 

2*215 

8 6 31*6 

1*769 

8 6 50*1 

2*964 

8 7 37*5 

4*893 

8 8 46*0 

4*438 

8 10 33*7 

3*568 

8 10 4.3*9 

8*094 

8 11 6*8 

3*500 

8 11 21*1 

2*499 

8 11 43 

3*51 

8 13 13*6 

3*512 

8 18 26*5 

8*510 

8 12 87*9 

2*633 

8 12 48*8 

2*549 

8 13 58*1 

2*421 

8 13 10 

8*50 

8 13 15*1 

+ 2*444 

8 13 25*4 

-140*614 

8 14 16*8 

4-3*543 


8 15 35-1 
8 15 44*3 


8 17 39*0 

. 8 17 39*3 

II. 815 ....a 8 18 41*3 

III. 599 8 19 34*0 



8 33 58*8 1 t8*5S9 


No, 

of 

Ota. 

oaed. 

North Polar 
Distance 
fop 

1800, Jan. 0. 

3 

103* 59 2*7 

1 

141 55 10*1 

1 

36 10 38*9 

1 

100 14 31*4 

1 

73 54 33*9 

3 

108 41 13*4 

1 

66 13 22*6 

• • • 
[2] 

80 7 43*3 
80 12 48 

2 

80 11 58*3 

1 

81 4 16*3 

• •• 

65 25 19*4 

6 

150 29 10*5 

1 

101 54 45*3 

1 

117 47 40*5 

1 

31 49 50*5 

1 

iOl 2 6*9 

(2) 

117 46 23*5 

1 

71 46 29*0 

3 

55 38 18*6 

3 

119 29 53*7 

1 

33 55 30*7 

1 

43 35 28*4 

2 

102 24 59*0 

1 

40 30 30*4 

1 

103 30 54*5 

1 

63 19 26*7 

1 

68 13 36*1 

3 

126 58 24*1 

3 

138 51 3*1 

2 

95 22 30*6 

1 

31 46 48*9 

1 

39 32 33*9 

1 

66 6 1*0 

1 

88 48 46*3 

1 

69 3 9*5 

1 

117 2 10*9 

[8] 

68 34 36 

1 

68 36 14*6 

1 

68 30 87*2 

1 

111 22 83*6 

1 

115 1 53*2 

3 

120 12 19*8 

[2] 

68 41 48 

1 

119 18 33*1 

1 

179 41 7*5 

1 

66 57 59*4 

2 

102 53 85*0 

4 

125 46 86*3 

1 

119 52 8*5 

2 

69 13 31*1 

1 

119 2 32*8 

1 

132 » 10*1 

1 

68 35 7*7 

1 

68 3 46*8 

' 1 

66 58 8*1 
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Sm J. F. W. HEESCHEL’S CATALOGUE 


Beferences to 


Cato- Sir J. H.’* SirW.H.’s 

SiZ. 



III. 292 


16671 510, a| 


1694 

3137 


3138 


11.318 


IV. 35 


11.266 
III. 257 
11.319 


III. 49 

16891 522 I 11.727 

11.908 
1. 288 


III. 50 



R. nova 
R. nova 


VII. 63 


III. 982 H. 0. N. 

III. 235 

517 I M. 44 

1111.983 H.O.N. 


A. 609 


Annual Annual 

Bight I*rec«)Mion No. North Polar PreoMon No. 

Aaoenaion in of Diatanoe in of 

for Bight Obs. for N.P.D. Ohs. 

1860, Jan. 0. Aaoenaion uaod. 1860, Jan. 0. for uaed 

for 1880. 1880. 





h m a 

8 24 27*7 
8 24 32*8 
8 24 48*6 
8 25 8*2 
8 25 8*2 
8 25 + 

8 25 27-2 
8 26 43-8 
8 26 48*7 

8 26 57*1 

8 27 10*4 
8 27 14*9 
8 28 48*7 
8 29 


8 30 27*5 

8 31 28*3 

8 31 32*3 
8 31 51*1 
8 32 9*0 
8 32 33*3 
8 32 58*2 
8 33 37*9 
8 33 41*5 
8 34 20*5 
8 34 20*5 

8 34 51*4 

8 35 17*8 
8 35 58*9 
8 37 4*6 
8 37 28*1 
8 37 45*6 
8 37 50*2 
8 38 1*3 


IL 80 


II. 48 
VIII. 10 
III. 294 


8 38 43*9 
8 38 59*6 
, 8 39 29*7 
D'Arreat,.54 8 40 20 
' 8 40 20*3 
8 40 50*8 
8 41 3*4 
A. 489? 490? 8 41 7*1 
I 8 41 23*5 
8 41 23+ 


R. nova 


D’Arreat.55 8 41 52 
> 8 42 1*3 
8 42 32*9 
8 42 59*4 


1713 532 



R. nova 


M.67 


+0*438 

4*510 

3*691 

4*500 

4*500 




1 157 39 23*2 

2 36 41 28*9 

1 59 59 13*9 

2 36 44 52*5 

:: 36 40 52*5 

... 36 44 + 

1 62 32 ^*4 

2 61 3 35*1 

2 150 38 29*3 

2 105 39 51*8 

1 102 41 44*4 

3 112 29 47*4 

1 88 48 50*0 

3 60 49 18*6 

3 130 11 3*7 

2 119 28 1*1 

1 16 45 45*1 

1 65 57 15*6 

1 69 32 36*2 

1 16 51 47*2 

1 124 16 9*1 

4 39 17 45*8 

2 144 37 47*0 

1 93 37 53*4 

1 135 43 55-5 

3 75 13 2*6 

2 54 47 16*5 

1 19 11 53*8 

1:: 11 15 26*7 
1 35 36 46*6 

1 122 9 4*7 

2 134 27 15*7 

2 136 42 16*0 

1 76 54 43*4 

1 104 47 19*7 

1 76 53 9*2 

I] 70 27 48 
1 42 25 39*3 

1;: 143 27 29*7 
1 138 16 31*0 

1 131 22 30*3 

3 70 24 45*8 
24 ± 


35 58 48 
70 28 19*0 
78 8 45*2 
58 36 38*1 


8 43 26*1 4*348' 2 38 9 35*3 
8 43 34*3 3*291 4 77 40 36*0 


Annu^ Total 

'reoeaaton No. ,, t. • i!„ No. of 

Somnuuy Deaonption from a 

N.P.D. Oba. Com^iaonofaUthe ^fOba 
for uaed. Obeervabona, Bemarka, Ao. 

1880. and H. 




1 F; pS; R; gbM 1 

2 eF;S;R;*95®;pof2 2 

2 vF; pL; R; IbM; r; {nr ... 4 

2 cF5S;R;fof2;*310° 2 

: : Place from 510 h. by MS 
... No description or place .. 

1 eF 1 

2 F; vlE; mbM; r 3 

2 CI;pS;IRi;IC 2 

2 F;S;aUto*13;«7nf, 10 'm. 3 

1 B; S; E; psbM; bet2Bt I 

3 cB;L; vmEll0®*3 5 

1 eF; pL ; iF 2 

3 F;pS;R;bM;r 4 

3 «9 iuv in pB, pL, R, neb ... 3t 

2 Cl; cL; pRi; pC; stll...l3 


1 |vF; S; stellar 
1 


12*62 3 IF; S; vlE135'’+; pbM. 



12*65 3 F; L; R; r 

12*76 1 pB;pL;iF:er 1 

1 vB; cL; IE90°±; g,svmbM. 2 

1 eF; pabM 1 



8 43 58*01+3*746 | 8 56 3 88*9 I +18*28 


1 
1 
1 

[ 1 ] 

1 Cl; 1C 1 

l;:CI;L;P;IC;8tl0...18 1 

1 Cl;pL;P;lC;stl3 1 

1 Cl;pRi;lCM:stl2...]3 ... 1 

3 B;pL;lEl0^orbiN;inbM« 

... Nearly in contact with h. 526 ? 
(see description of h. 526). 

13*11 [1] vF;R;*15pl2*,270® 

13*10 1 eeF;pL;lbM*, r...,^ 




1 pF; v8;R; bM 

... Makes e dose D neb with 
h.529. 

9 vB; L; vg.vsmbMalO 

5 I; Cl;.vfi; vL; eRi; 1C; 
St 10... 15. 

3 vB; vL; vni£4^’9; gmbM •• 





























OF NEBTJll® AND CLDSTEES OF STARS. 
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No. Rrfereno^to ^ 

of ABceniion 

Cata- Sir J. H/b Sir W. H.’b Other 
loguo. Catalog^ CU^ AuthoritiM. I860, Jan. 0. 
ofNebuuc. andlvoB. 



Annual 

North Polar PreoeBfion No. q, r\ • p 
Diatanoe in of Summary Dinonptaon from a 

for N.P.D. Oba. Com^n of aU the 

1860, Jan, 0. for need. 0>>“emtlon^ Beroarka, Ac. 
1880. 



h. H. 
633 III. 712 


8 46 «•! +4‘*47 2 40 18 38-6 +13-32 2 F; pL; R;gbM; 4 Satnr ... 3 


II. 668 
634 III. 831 
535 II. 823 
636 11.380 


R.3noveo 8 46 + 


8 45 42*6 
8 46 48*6 
8 46 63-6 
8 47 20-4 


R. 3 novae 8 47 + 



536,6 

638 


R. nova 


D’ Arrest, 56 


IV. 66 
111.626 
II. 281 
III. 841 


644 

17421 545 



549 
549, a 
650 1.249 

III. 608 

551 III. 60 
548 

552 III. 825 


D* Arrest, 58 


R. nova 



III. 291 


111.626 

II. 828 

III. 647 
III.275> 
III. 236 
11.520 


D’ Arrest, 59 


D’ Arrest, 60 
D’Arrest, 6l 


8 48 0-0 
8 48 33-4 
8 48 43 

8 48 46-5 
8 48 54-1 
8 48 58*2 
8 49 15-0 


8 50 52*5 
8 51 19*6 
8 61 19*6 
8 51 25*7 
8 51 28*6 
8 61 69*2 
8 52 29*4 
8 63 6*7 
8 53 51*4 
8 54 2*0 
8 55 0*5 
8 55 30-8 
8 55 58 

8 55 59 
8 56 5*6 
8 56 

8 56 26*3 
8 56 34*0 
8 56 43*6 
8 57 9*1 
8 57 16*0 

8 57 28 
8 57 34*4 
8 57 35 

8 57 56 
8 58 51-7 
8 58 52*0 

8 59 32*7 

9 0 13-6 
9 0 16*2 



J1490 



40 18 + 4 (incl h. 533) nearly in a line 


49 55 12-8 

37 23 56*2 

38 7 1*2 
92 32 2-2 

92 32 + 

92 28 2*2 
92 39 34*6 
92 34 48 


1 35 

1 50 

2 92 

1 33 

1 44 

1 148 

2 114 

?? 83 

1 83 

1 53 
1: 10 

2 94 

2 93 

1 53 

1 29 

1 92. 

1;.* 93 
1 135 

[2] 67 


41 54*1 
7 22-8 
50 24*5 
46 55-0 
33 26*5 

41 21*4 
8 0*1 
7 51*0 
9 32*0 

44 3*6 
14 54*9 
21 30-2 
11 6-1 

42 41-9 
30 44*0 
50 15-1 
10 51*9 
20 55*2 
28 48 


13*36 1 |)F;vS;mbM 1 

13*44 1 vF;S;R;p8bM 2 

13*44 1 pB; mE0°+; psmbM 2* 

13-44 1 pF;cS; E90®+;bet2st ... 2t 


67 32 48 

37 41 23*9 

37 41 

28 58 21*8 14*06 

64 26 53*5 14-05 

70 59 30*5 14*05 

12 56 4-8 14-16 

54 3 51-7 14-09 

I [4] 71 7 5 14-09 

3 64 0 27-3 14-11 

[2] 64 0 24 14*10 


64 6 12 
47 44 29-7 
35 35 23-3 
51 48 43*9 
104 56 21-5 
67 59 30*1 
86 2 37*8 
39 2 40-0 
29 23 40*6 
39 0 48-6 


No description 



I 


56-7 +8-694 


56 18 26-3 +14-31 


... MS. No description 

1 vF; pS; R; r; *9p | 1 

[2]vF; S; R; *15p, 44"n; 
h. 538 nr. 

1 pB; fan-shaped; «11 att 

1 vF;vS 

1 vF; pS, R 2 

1 vF:S 1 

1 pB; L; E; vgbM«18 1 

1 eF; S; R; pslbM 1 

2 pF; S; R; vgpmbM 2 

l::F;pL;R 1* 

1 F; pL; mE 

1 vF; S; Ell0°;j;; 2vF8tinv» 

l:tpB; S; E45'’+; enf 1 

2 cF; pL; R; vgbM 3 

I 2 vF; vS; stellar 2 

1 eF; S; stellar 1 

1 cF:pS;iR;er 2* 

1 vF;L;R;bM 1* 

1 eF; R 1 

1 I; eeF; vL; wmElS® If 

[2] Dneb; pB; .S,notR; comes 
8 4'. 

[2] vF; vS 

1 4S St in neb 1 

... Makes D neb with b. 549 ... 0 

1 cB;cL;E90®±;er 3 

1 eF; S; R; vlbM 1 

2 vF; S; R; r; J nr 3 

IsspB; pL; E; vgIbM 1 

4 eF; S; R; vgIbM; #12. 5 

345°, 50". 

[4] pF;S;R:bMN=*l5 

3 vF; cL; R; bMN; 2cst p... 

[2] fl5-l6invinpB;pLneb40" 

diam. 

[1] vF; vS 

2 vF;S;iF;lbM;r 2 

1 pB;pS:E;vgbM 2 

1 vF;cS;R 8 

1 vF;pS,* bM; S*30"n 2 

1 cF; vS; R:er; bet2pBiit ... 8 

1 vF; pL;E;gbM;er 3 

1 eF;8bM»15; IstofS 1 

1 oB; cL; IE; psmbMLBN ... 2 

2 pF;S;E;pslbM;2ndorS... 2 
... One 014(11.556,. 559, 561): 

one vF; one E. 

3 F; L; mE150°; r; 2ftn 
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Sm J. F. W. HEESCHEL’S CATALOGUE 


Eeferenoes to 



Annual 
Bight Pnx^on 
Ascension in 

jJSim. 18C0.J«..0. 


h m 8 
9 1 O'O 
9 1 27-6 
9 2 52*2 
9 2 55*9 
9 3 1*4 

9 3 44*1 
9 3 


+4*226 

2*671 

3*195 

4*014 

3*377 


1 113 

2 82 

1 44 

1 71 


9 

9 

4 3*5 

4 50*4 

9 

5 16*1 

9 

5 21*2 

9 

6 5*8 

9 

6 25*9 

9 

6 36*0 

9 

7 10*6 

9 

8 11*6 

9 

8 17*0 

9 

8 21*5 

9 

8 21*8 

9 

8 31*6 

9 

8 39*8 

9 

8 45*5 

9 

8 64*8 

9 

9 5 

liKKKII 

9 

9 12*3 

9 

9 35*0 

9 

9 37*1 


4 

5 19*6 

23 38*9 
28 15*5 
44 55*2 

24 3*7 

2 


1 54 29 46*3 

2 104 14 58*2 


(1) 49 

1 59 


21 24*4 
23 25*4 


3 113 36 36*3 

1 20 12 11*7 


1:: 157 
3 131 


21 50*0 
51 37*1 


54 59 4*8 
58 31 50*8 
70 27 55*8 
70 28 25*8 
47 27 36*4 
36 54 12*0 
25 18 38*6 
69 13 19*7 
69 22 9 

154 17 18*8 


9 9 39*0 j 
9 9 41*21 
9 10 3*6 
9 10 17*0 
9 10 21*5 


2*628 
• 0*713 
3*680 
3*680 
3*680 
3*68 
3*680 
3*680 
8*680 .. 
3*680 2 

8*680 :: 
3*680 : : 

3*680 :.* 
3*680 : : 

+0*760 1 


25 9.42*1 
25 10 11*1 
113 2 16*5 
28 57 59*7 
126 1 53*8 

116 14 46*4 
159 3 42*5 
55 49 34*9 
55 19 34*9 
55 40 89*8 
55 47 48 
51t 29 4*9 
55 47 84*9 
55 28 34*9 
55 39 14*9 
55 40 20*3 
55 27 84*9 
55 27 84*9 
55 42 29*3 
158 45 49*0 


Annual 

Frm^on No. gummarj Deooription from a 
HI Ak Compariaon of all the 

N.F.D. 01)8. Obeervations, Semarla, &o. 
for used. 

1880. 








I; OpE; pL; K; TgIbM; in Sf 
L,C,CI. 

eF;*llatt 1 

pF;vS:R;glbM 1 

R.MS. No deuription 0* 

R.MS. No dMcHption 0* 

vF;EiL 118 f 2 * 

vF;vS;R;b*581,6'n 0* 

R.MS. No dtteriptioD 0 * 

R.MS. No dOicriptioii 0* 

R.M8. No deacriptioo 6* 

cB:oL;lE;mbf;3tt« 4* 

6 in Lord R/a diOg. 1 ▼ nr I. O'* 
a in Lord R/a diag. / 118 . 0 * 

R.MS. NodaaoHption 0* 

I of Lord R.’a diagram 0 * 

F(pS{R{fl^ 1 
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Beferencei to 

Sir J. H/s 
Catalogues 
of Nebula. 

SirW.H/s 
Classes 
and Nos. 

Other 

Authorities. 



1848 

1849 

1850 

596 

3164 

599 

IffiHli 

3165 

1852 

3168 


II. 547 
I. ^6o 



11.555 


in. 297 
III. 8 


M 

III. 276 
I. 56 

1 

I. 57 

II. 495 
IT. 506 

III . 977 

171 

: 

I 

II. 40 
m. 518 

11. 260 

III. 298 


Bight 

iwennon 

for 

1860, Jan, 0. 


R. 2 novas 9 11 + 


R. nova 



9 11 45*3 +2'817 

9 11 50*3 3*813 

9 12 6*0 3*680 

9 12 13*5 3*714 

9 12 19*6 4*187 


9 12 29*8 
9 12 41*2 
9 12 53*2 
9 13 2*9 
9 13 30 
9 13 30*4 


1874 8172 


9 13 52*9 
9 14 20*7 
9 14 24*2 
9 14 30*9 
9 14+ 

9 14 41*5 
9 14 44*2 
9 15 45*1 
9 16 48*2 
9 17 8*3 
9 17 11-2 
9 17 11*3 
9 17 21*9 
9 17 28*1 

9 17 37*9 
9 18 8*2 
9 18 

9 18 13*1 
9 18 33*5 
9 19 30*4 
9 19 42*4 
9 20 8*5 
9 20 11*4 
9 20 12*5 
9 20 24*7 
9 20 41*0 
9 21 59*9 
9 22 2*3 
9 22 12*0 
9 22 42*2 
9 24 5*4 
9 24 14*6 
9 24 15*4 
9 24 16*3 
9 24 37*6 
9 25 2*9 
9 25 15*9 
9 25 26*7 
9 25 37*0 
9 26 15*8 
9 26 88*1 
9 26 54*2 
9 26 57*2 
9 27 24*1 
9 27 m 


3*255 

4*758 

2*502 

3*445 

2*740 

1*.370 

2*627 

2*904 

2*688 

3*562 

3*195 

4*421 

1*839 

2*86l 

3*409 

2*592 

8*410 

3*208 

2*830 

7*880 

4*972 

1*992 

3*228 

+3*227 

-0*275 

+3*408 

8*889 

+2*769 


... 55 40+ 2 of 15 seen 0 

1 105 53 11*2 +14*94 1 eF; R; bM; ♦f8'*5 1 

50 7 15*1 14*97 1 vF; vS; R 

55 46 35*3 14*98 :: 

54 2 26*7 14*99 1 

38 25 33*3 15*01 1 


152 28 51*8 
70 28 52*3 
49 15 51*9 
127 25 37*3 
105 55 
105 55 14*5 


1 129 

1 49 

1 49 

2 40 

... 40 

1 101 


1 99 

1 77 

1 77 

2 112 

1 140 

7 147 


57 21*8 
16 29*6 
14 39*6 
11 39*9 
11 ± 

18 57*6 
9 20*2 
53 13*7 
50 3*2 
46 1*8 
46 16*1 
34 33*8 
30 21*5 
42 57*5 


32 1 44*8 

77 57 53*6 

77 58 
77 58 34*9 

26 54 27*1 

123 29 36*4 

66 22 59*3 

111 8 37*6 

153 12 29*0 

117 25 24*9 

101 2 12*2 

114 11 43*5 

59 49 57*2 

81 39 42*2 

31 54 24*1 

145 30 15*5 

104 6 31*2 

67 53 46*8 

119 46 47*5 

67 52 50*1 

80 57 11*4 

106 7 27*0 

9 37 30*0 

23 26 15*8 

3 142 17 26*0 

1 79 13 53*1 

1 79 16 23*4 

1 166 * 0 46*2 

2 67 40 32*9 

1 57 40 57*2 

1:: no 13 55*2 











































80 


SIE J. r. W. HEBSCHEL’S CATALOGUE 


Boferenoes to 


Other 

Authorities. 


Bight 

Annual 

Preoaeaion 

Asoenaion 

in 

for 

Bight 

1800) Jan. 0. 

Ascension 

for 1880. 


H. 

III. 697 


D’Arrest, 64 
D’ Arrest, 65 
D'Arrest, 66 


II. 656 

III. 963 
III. 4 


III. 519 

IV. 68 


111.541 


III. 315 
1. 114 
III. 751 
II. 275 

II. 491 

III. 527 


A. 397 


I. 61 
1. 285 
1. 282 
III. 521 
III. 528 
I. 78 


III. 289 
III. 34 
11.311 
II. 624 


R. nova 


III. 277 
III. 278 


638 
638,0 
638,5 

3191 
638,0 
3190 
638, d 

639 
638,0 

640 


V. 60 
11.717 



R. nova 
R. nova 
A. 397 
R.nova 

J^nova 

R.oova 


h m s 
9 28 2*3 
9 28 32*8 
9 28 57*4 
9 29 32 
9 29 34 
9 29 42 
9 30 6*6 
9 30 13*5 
9 30 28*4 
9 30 39*3 
9 30 42*6 
9 31 15*5 
9 31 34*7 
9 32 17*7 
9 32 38*7 
9 32 44*3 
9 32 45*9 
9 33 7*8 
9 33 12*5 
9 33 24*7 
9 33 39*4 
9 34 34*3 
9 34 46*9 
9 34 49*3 
9 34 51*5 
9 34 59*1 
9 35 7*4 
9 35 16*9 
9 35 22*9 
9 35 27*7 
9 35 35*6 
9 36 47*6 
9 36 17*2 
9 36 18*4 
9 36 41*2 
9 36 52*2 
9 37 7*5 
9 37 23*0 
9 38 10*3 
9 38 39*5 
9 38 52*0 
9 38 

! 9 38 65*9 
9 38 58*1 
9 39 4*6 
9 39 18*1 
9 39 21*6 
9 39 28*0 
9 39 32*6 

9 40 2*0 
9 40 4*8 
9 40 4*8 
9 40 5*0 
9 40 7*6 
9 40 10*4 
9 40 13*3 
9 40 150 
9 40 30*2 


+2*768 

2*840 

1*993 

3*43 

3*43 

3*43 

2*221 

2*768 

6*574 

3*215 

3*626 

2*756 

3*178 

4*410 

.3*291 

3*292 

3*659 

5*746 

5*149 

3*131 

5*734 

3*571 

3*660 

3*084 

3*572 

2-961 

3*573 

2*143 

2*628 

3*029 

5*048 

6*111 

2*937 

2*948 

5*576 

2*330 

2*791 

3*231 

2*780 

3*156 

2*825 



2 no 17 59*8 
1 105 46 48*4 

1 142 49 22*7 

[1] 66 10 24 
[ 1 ]:: 66 12 12 
[1] 66 8 18 

1:: 136 18 58*8 

2 no 30 23*1 

1 12 47 47*8 

2 79 51 27*0 

2 55 21 52*3 

2 111 24 53*9 

(1) 82 24 1*5 

2 30 31 15*3 

1:: 74 32 3*3 
1 74 26 8*3 

29 


2*619 2 



Annual 

Preoeasion No. 
in of 

N.P.D. Obi. 
for used. 

188a 


Summarj Description from a 
Comparison of ail the 
Observations, Bemarks, &o. 


I 


1*2 +3*825 


+ 15*86 2 |vF ; pS;_lE; vglbM j f of 2 

15*88 1 

15*89 1 

15*94 [1] 

15*94 [1] 

15*95 
15*96 
15*97 
16*06 
16*00 3 

16*01 2 
16*03 2 

16*05 
16*11 
16*11 
16*11 1 
16*12 1 
16*18 1 
16*17 1 

16*19 1 

16*21 1 
16*22 3 

16*23 1 

16*22 2 
16*23 4 

16*23 1 

16*24 1 

16*23 1 

16*24 1 

16*25 1 

6*29 1 

6*33 1 

6*29 1 

6*29 1 

6*36 1 

16*31 1 

16*33 1 

16*35 2;: 

16*39 3 

16*41 1 

16*42 1 


6*43 1 

6*43 1 

6*43 1 

6*45 1 

6*43 1 

6*45 1 

5 2 


6*50 1 

6*48 ... 

6*48 ... Suspected; MS 

6*47 1? CI;S;IRi;iF;stl2...15 

6*48 ... 

16*48 1 |F; S; R; «12att 320® 

16*49 V.. 

16*50 1 |!:cB;L;vtmE90<* 

16*52 ... 

• ’6*55 1 i 






































OF NBBULJ: AM) CLTJSTEES OF STABS. 


81 


Beferenoes to 



Annual 


Annual 


Right Prw^on No. Norft Polar Preoeirion No. Summary Deacription from a 
Ajoennon m of Diatanoo # in of n it .li . 


Comparison of all the 


Other for Bight Ohs. for N.P.D. Obs. 

AuSSea. I860, Jan. 0. Aao^on used. 1860, Jan. 0. _for used. Owe^vationa, Remarka, 4a 


for 1880. 


1934 638, y 

1935 641 

936 

937 

938 

19391 64S 


941 

1942 646 HI. 51 

1943 647 


D’Arrest, 67 

9 

41 

32 


9 

41 

32*1 

R. nova 

9 

41 



9 

42 

3-2 


9 

42 

BQ 


1945 

648 

III. 

52 

1946 

3192 

tat 

• • • 

1947 

643 

V. 

23 

1948 

3193 

• « • 

• • • 

1949 

649 

• t • 

• • • 



1957 651 11.835 

1958 652 III. 264 

1959 3198 

1960 3199 

1961 3201 

1962 3202 III. 272 

1963 3200 III. 600 


1965 3203 



9 51 10*7 4-126 

9 51 18-7 3-585 

9 51 19*5 3-261 

9 51 32-2 2-848 

9 52 4-6 2-731 

9 52 7*4 4-925 

9 52 24*3 4*119 

9 52 34*6 3*241 

9 52 37*0 2*786 

9 52 40*5 2-671 

9 52 45*4 + 2*722 


46 15 27-0 +18-66 
45 0 16*5 16-55 


9 3 41-8 
163 16 15-5 
72 30 4-3 

17 9 26-2 

13 10 9*5 

17 12 16-5 

17 12 24-7 
56 57 50-4 
60 21 51*7 
78 58 42*7 
108 40 49*7 
33 42 23*9 
53 55 47*9 
74 53 56*9 
107 30 25-9 
116 15 22-5 
20 85 17*7 
83 38 27*7 
76 19 59-7 
112 7 58-4 
119 41 60*4 
116 28 7*7 


... 45 0 ± 

[1] 54 38 7 

1 76 32 0*8 

... 76 32 

1 94 33 38*4 

3 76 31 58-3 

1 94 31 9*3 

2 55 47 35*6 

1 76 36 18-9 

1 111 5 19-6 

1 17 8 23*4 

1 108 31 38*2 

1 20 16 10*0 


5*142 1 19 34 16-3 16*71 

3- 497 2 60 7 7-4 16*68 

1- 975 2 145 45 42-8 I6-66 

5-064 1 20 12 18-9 16*73 

1*674 1 152 2 12-3 16*71 

2- 705 1 116 22 6-6 J6*72 

3*300 1 72 39 56-5 16-75 

4- 327 2 30 2 40-3 16-81 

3*097 1 87 85 58-0 16*80 

2-834 1 107 59 3-0 16*80 

2- 704 1 116 40 25-6 16*82 

2*707 1 116 37 56-5 16-85 

2*836 1 107 58 44*8 16-86 

3- 293 1 72 54 4-1 16-87 

3-133 2 85 4 19-1 

2-692 2 117 38 37*4 


16*96 

16*85 

16-91 

16*94 

16-95 

16-95 

16*99 
16*98 
16*99 
, 16*99 

16-99 

17*03 

17*03 

17*03 

17*03 

17*05 

17*09 

17*09 

17*09 

17*08 

17*08 

+17*09 


... MS 0 

1 F; pabMjrr; f of 2 1 

... Several near 0 

[1] vF; pL; R; cometary 0 

1 F;pL;R;glbM 1 

... 3 “nov®," with 642 (Vide 0 
h. 646, 648). 

1 eF; L; p of 2 1 

3 eF; pS; IE 0®+; r 4 

1 F; R;vglbM;fof2 1 

2 pB; pS; vlE; mbM; *10 af 4 

100°. 

1 eF;pL; E; r 2 

1 eF;vS;R;*98 1 

1 vF;vL;IE;r 3 

1 F;S;R;lbM 1 

1 1; eB; eL; E156°-0; 4 

g, avmbMBrN. 

4 

1 vB; vL; vraE “a beautiful 2* 

ray.” 

2 F; S; 8bM«12; bet 2Bst ... 2 
2 CI;pL;pRi;iF;8tll...l2... 2 

1 vB; cL; mE; 5 or 6st(?)inv 1* 

1 Cl;cL;IC 1 

1 F;pS;R;lbM 1 

1 0; F; L; R; vglbM; rr; 4 

2B 8t 8p. 

2 cF; pS; IE; vgbM; *10 n7' 4 

1 vF; vL; vmElll°-5 3 

1 vF;pS;R;lbM 1* 

1 pF; R 1* 

1 pF;S;R;gbM 1* 

1 F;pL;R;glbM 2* 

1 vF;S;vlE;gbM 2 

2 F;pL;vlE; vgbM;rr;*7f90*. 4 

2 pB; S; R; vgmbM; *llatt 2 

203°*8. 

1 eF; pL: vIbM; 2S 8t8 1 

1 F;L;iR;glbM;S*inv ... 1 

1 vF; cS; vlE; er 2 

1 pF; vS; R; bM; #11 nr 3 

1 vF;pL;r 2 

1 vF;vS; VglbM 3 

1 F;pL;R;3rdof3 1 

3 pB; pL; E90+ ;gbM; #9nf 4 

1 eeF; eS; stellar (?) 1* 

1 pB; pS; R; gmb.VIN; 38t nr 2 

2 vF; pS; IE; glbM 8 

1 vF; S; VglbM I 

1 vF;pL; iR; vgvlbM 4 

1 vvF;#14att;*llf 1 

1 eF; S; R 1 

1 pB;S;R;mbM 2 

1 cB ; cL ; nibM ; R with ray... 8 
1 vB;L;mEl35°+ 1 

1 vF 1 

2 vF; cS; IbM; ASstnp 2 

1 vF; S; R; J att 1 

1 vF; S; R; *13 att ef 1 


HDCCOLZiy. 














SIB J. F. W. HEBSCHEL’S CATAIOGITE 


Referenoet to 


Other 

Authoritiee. 


Bight 

Awennon 

for 


Annual 


for 1880. 


1989 3213 


1991 3214 

1992 3215 

1993 8216 

1994 3217 


1996 664 


2002 3220 


2009 3225 


2020 3231 

2021 3230 

2022 3232 


11.305 


2012 

3226 

2013 

3227 

2014 

669 HI- 65 

2015 

670 

2016 

671 

2017 

3228 

2018 

3229 



h 

m 

s 

9 

52 

50*7 

9 

53 

4*5 

9 

53 

17*7 

9 

53 

19*7 

9 

53 

38*9 


10 0 40*4 



10 

0 54*9 

3*296 

1 


10 

1 8*2 

2*523 

4 


10 

1 46*2 

1*540 

1 

? 

10 

2 9*8 

3*759 

1 


10 

2 9*9 

1*545 

S 

: 

10 

2 30-4 

2*719 

1 


10 

3 9*9 

2*982 

1 


10 

3 17*7 

2*936 

1 


10 

4 47*5 

5*285 

1 


10 

4 48*3 

3*861 

1 


10 

5 8*4 

+ 3*222 

1 


10 

5 10*7 

-0*511 

1 


10 

6 25*3 

+ 3*118 

1 


10 

5 27*7 

2*700 

1 


10 

5 31*3 

3*592 

1 

: 

R.2nov8a 10 

6 ± 


.. 

. 

10 

6 42*7 

5*424 

1 

1 ? 

10 

6 43*5 

3*845 

i 

1 

10 

5 48*2 

3*589 

1 

1 ; 

10 

5 49*2 

4*054 

1 

[ 

R. nova 10 

6 15*4 

3*116 

• 

• 

• 

10 

6 29*6 

3*116 


1 

D’Arrest,68 10 

6 36 

3*34 

ri 

Ij 

16 

6 45*3 

4*194 

1 


10 

6 58*5 

3*116 

i 

1 

16 

7 32*0 

3*745 

1 


16 

8 7*9 

+87*802 

1 

s.'i 


08 50 56*7 
23 33 46*0 
66 55 52*6 
17 38 50*3 



29 4 86*3 
85 50 20*3 

42 42 39*2 

0 6 46*2 

17*71 

17*71 

17*74 
+ 19*47 




Sonunuy Deioription from a 
Comparison of all the 
Observations, Bemarlos, &o. 


pB; S; R; pmbM; bet 2 at 


pF; pS; R; vSatinv 

1 pB; pS; iR; bM; p or2... 

1 F:L;£;vgvlbM 

eF; R; IbM; f of 2 

pB; S; mE 90*+ ; psbMN 


1 el- ; IS 3 

1 pB; pS; R; gpmbM 1 

1 vF; vS; R; bM; *11, 142°*2 
1 : eF; pL; E 45° + ; vF ♦ Inv... 

2 CI;C;lE;8tl3...l6 

1 F;S;R;sbM 

2 F;S;R:frlbM 

2 cF; yL; vraE82**3; IbM ... 

1 F; L red « n 3' 1 

3 pB; S; R; SmbM «12 3 

1 eF;L;A2 8t8in 1 

3 Cl; eL; 1C; B; 8t9...14 3 

2 vB; L; vmE45*; 3 

vg, vsmbMEN. 

1 F;pS;R;gbM 1 

... F; (Lasseil, Mar.31,1848)... 0 

1 F;S;lE;er 2 

... See No. 5067. ... 

1 F;pL;R;lbM; Js I 

2 cF;S;R;vgbM 2 

. l;:eF; cS; vIE; r 2' 

1 eF;S;p8bM;3lLeon8fl00* 1 
1 pB; pS; pmE; gbM 1 

4 lI;0;vB; vL;lE;*9M;4'*0d. 4- 

1? B; R;bM 1 

1 F;S;R;gbM 1' 

2 pB; pS; R; gbM; « 13n ... 2 

1 vF;S;iE 1 



pF ; cL; R j vglbM; r; S ♦Idv' 

F;S;R;gbM 

eF; S; R; vglbM 1 

vvF;mE0*i 0 

B; pS; R; psmbM; p of f ... 8 

F;S;??ClofvS8t 0 

F ; pabM ; stellar; « 7*8 op 5' 1 

B; pL; vlE; pgtnbM; oil, 


vF:U:gbM;«ll,rat /V 1* 

larimma Bonc^» 


^ ^ to 10 to ^ 
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83 


Beferenoet to 



Other 

Authoritioe. 



h. H. 

3236 

III. 964 

3236 

687 III. 26 

3237 


R. nova 
R. nova 


• Annual 

Bight Praoemon 
Ascension in 

for Bight 

1860, Jan. 0. Aso^on 
for 1880. 


10 8 9*4 +2‘764 

10 8 16*1 6*415 

10 8 18*9 2*738 

10 8 61*6 3*318 

10 9 23*5 2*905 

10 9*44*6 3*623 

10 9 47*2 3*623 

10 9 47*5 4*082 

10 9 49*9 3*623 

10 9 53*3 3*627 



116 59 43*6 
14 88 38*0 
118 11 3*8 
68 10 42*7 
105 6 56*0 
47 68 13*9 
47 64 1*9 
31 6 44*2 
47 53 1*9 
47 41 6*2 


D’ Arrest, 69 10 9 67 8*32 [2] 67 35 48 


2055 

692,6 

2056 

690 

2057 

692, c 

2058 

692 

2059 

691 




2066 

696 

2067 

3239 

2068 

3238 

2069 

696 

2070 

3240 

2071 

698 

2072 

699 

2073 

697 




II. 720 


II. 721 
1.266 
II, 


111,979 
III. 980 
III. 981 
III. 330 
1.283 
III. 911 




R.nova 10 10 4*7 8*324 

10 10 17*0 4*047 

R. nova 10 10 

10 10 23*3 3*324 

10 10 25*8 3*726 

10 10 27*6 3*728 

10 10 41*6 3*324 

10 10 46*8 +5*391 

10 10 61*5 -0*606 

10 10 63*6 +3*398 

10 10 67*9 6*114 

10 11 14*4 3*702 

10 11 46*1 2*128 

A. 446 10 11 52*8 2*452 


10 12 5*3 

10 12 5*6 

10 12 12*9 

10 12 21*7 

10 12 30*9 

10 12 33*3 

10 12 47*0 

10 13 17*6 

H. ON 10 13 34*0 

H. ON 10 13 34*2 

H. ON 10 13 34*3 

10 13 56*0 

10 14 23*0 

10 14 96*4 

D' Arrest, 70 10 14 39 

Auw. N. 27 10 14 65*0 

10 16 20*6 

10 16 27*7 

10 15 43*0 

10 16 56*1 

10 16 58*6 

4,386 10 16 10*6 

10 16 14*1 

10 16 16*7 

10 16 26*6 

D’Arrest, 7k 10 16 33 
10 17 6*1 
P’Affflit, 79 10 17 7 
10 17 16*6 


4,386 


3*207 

4*466 

3*39 

8*374 

8*88 

+4*149 


... 67 25 19*5 

1 31 53 7*8 

... 67 28 

3 67 28 10*5 

1 42 51 47*8 

1 42 43 44*8 

3 67 24 24*8 

1 14 29 43*0 

2 170 10 11*6 

1: 61 38 27*1 

1 11 4 63*6 

1 43 44 15*7 

4 147 15 39*7 

2 135 42 6*0 

1:: 46 18 42*6 
2 116 0 17*3 

1 61 28 64*6 

1 46 20 60*2 

1 32 22 5*2 

1 46 18 60*2 

1 63 47 46*5 

2 151 58 35*6 

1 9 27 5*6 

1 9 26 5*6 

1 9 26 5*9 

1 66 21 63*7 

1 14 37 52*9 

1 32 16 65*6 

[2] 67 42 12 

... 69 24 42*6 

1 128 32 69‘9 

1 123 69 28*2 

1 31 9 19*1 

1 69 23 27*8 

1 69 22 28*1 
1:: 141 1 1*8 
... 89 13 46*0 

3 76 44 21*4 

1 22 29 6*0 
’ll 61 16 42 

1 62 16 6*0 
’2] 61 16 12 
1 28 1 |6*9 


+ 17*75 
17*80 
17*76 
17*79 
17*80 
17*83 
17*83 
17*84 
17*83 
17*84 


18*08 
18*10 
18*09 
18*10 
18*11 
+ 18*13 


Summary Description from a 
Compurison of all the 
Observations, Bemarks, Ac. 


1 eF;S;R;2B8tf 1 

1 cF; S; stellar; S * f nr 1 

2 cB; L; mE60°*5; vglbM ... 2 

3 cF;S;R;psBM 4 

1 pB;pL;gpmbM 1 

... MS; no description 0 

... MS; no description 0 

1 cB; cL; iR; vgbM 1 

1 pB; vL; R; vgbM 4 

1 pF; vL; R; vgbM; 12‘*5d; 1 

# 1 1 n 2'. 

[2] pF;pL;gmbM($inLordR.’s 0 
diagram). <- 

... Marked y in Lord R.’s diagr. 0 

1 vF; pL; r 2 

... mE, parallel to h. 692, with 0 
which it forms D neb. 

3 B; pS; E; psbMN; sp 012 4t 

1 F;S;R;bM 1 

1 eF;vS;(?) Al 

3 B; S; viE; psIbM; r; *9T4 

352"*0, 75” nfof2. 

1 vF;vS 1 

2 I;0; pB; S; IE; 13**0 d; 2t 

3S St nr. 

1: eeF; pS; IE 2 

1 vF; vS 1 

1 pB; vL; mE45'’+ ; vgbM... 3 

4 1; vB; vL; falcate; { N 4f 

2 0; vL; iR; ICM; gbM; 2 

St 13...16. 

1 : cF; S; R; vgbM; 1st of 3... 2 

2 pB; S; cE; gbM 2 

1 eF; pL; gbM 1 

1 cF; S; R; vgbM; 2nd of 3... 2 

1 pB; cL; E; VglbM 2 

1 cF; S; R; stellar; 3rd of 3... 2 

1 F;S;R;ha8a* 1 

2 Ol ='it 10 m; R; am 160st 2 

1 Stellar: 1st of 3 1 

1 vF; S; 2nd of 3 1 

1 vF; S; 3rd of 3 1 

1 vF;pS;R;bM 2 

1 cB:cL;eR 1 

1 vF; cL; iF 1 

[2] eF; mE; a ray 0 

... F; IbMr (Winnecke, June 0 
1855). 

1 pB; vL; vIE; pslbMN ...... 1 

1 vF; pS; R; vgmbM 1 

1 cF; pL; IE; VgbM 9, 

* ''S’ Si D neb; 46®,*’/ 

1 vF;cL;R/ 1 I* 

l::Cl;9LAafewS8t 1 

... See No. 5068. 

3 !; * O' ** 6 

1 CI;cL; P;lC;8tl0...1* ... l 

ri] eeF; *11 p, 18,160” p of*... 0 

1 pB; pS; R; psbM 1* 

r2]F;S;fof9 0 

1 eF;vS:p8bM;*Btll, l*,r 1 
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SIB J. F. W. HEESCHEL’S CATALOGUE 


Reforenoos to 


Otber 

Authoritiw. 


Annual Annual 

Bight Preceaaion No. North Polar Preoeadon No. 

Aaoenaion in of Distance in of 

for Right Obs. for N.P.D. Oha. 

1860, Jan. 0. Aaoendon used. 1860, Jan. 0. for used, 

for 1880. 1880. 


Total 

Summary Deaoription from a 
Comparison of all the 
Obiervations, Remarks, Ac. ^ 

and H. 


2097 

709 

111.631 

2098 

708 

III. 883 


2109 3253 


2132 3266 

2133 3267 


2135 3268 

2136 3269 

2137 3271 


2139 3270 


2142 723 

2143 3272 


II. 359 

Ili.912 

IILgiV 


D’ Arrest, 74 


1: 

49 39 49*9 

1 

32 

4 

25*9 

3 

72 

8 

18*9 

2 

111 

4 

56*9 

1 

121 

45 

28*9 

4 

107 

55 

50*2 

1 

129 

6 

23*4 

4 

60 

47 

1*7 

1 

85 

26 

24*7 

1:: 

147 

10 

35*7 

1 

66 

26 

28*6 

1 

124 

14 

38*3 

4 

129 

13 

45*9 

[1] 

63 

11 

42 

1 

15 

27 

11*9 

2 

59 

47 

27*1 

1 

149 

57 

49*8 

1 

133 

11 

7*1 

3 

124 

56 

49*0 

4 

124 

53 

9*0 

1 

24 

14 

50*9 

4 

124 

52 

39*0 

1 

133 

56 

12*6 

1 

133 

29 

7*6 

2 

124 

53 

48*9 

1 

133 

24 

32*9 

1 

60 

29 

34*9 

1 

33 

11 

37*5 

1 

24 

32 

16*8 

1.*: 

124 

38 

10*2 

2? 

124 

39 

10*2 

1 

124 

30 

10*5 

1 

64 

24 

28*5 

1 

124 

39 

3*5 

4 

61 

36 59*4 

2 

126 

1 

22*1 

1 

129 

13 

51*7 

3 

60 

46 20*7 

3 

129 

13 

52*0 

1 

124 

8 

4*3 

1 

135 

22 

8*5 

1 

30 

44 

23*1 

4 

116 

44 

11*8 

1 

80 

40 

11*4 

[2] 

67 37 

18 

1 

30 

43 

31*4 

1 

124 

34 

31*4 

1:.* 

147 

28 

14*7 

1 

51 

37 

17*3 

1 

39 

9 

51*9 

1 

76 

34 

38*9 


8*13 2 

8*13 1 

8*14 4 

8-18 1 
8*19 3 

8*19 2 

8*19 1 

8*22 3 

8-21 1 
8*23 4 

8-23 [1 
8*27 1 

8-27 3 

8*26 1 
8*27 1 

8*30 2 

8*30 4 

8*33 1 

8*32 4 

8*32 1 

8*32 1 

8*.33 2 

8*33 1 

8*33 1 

8*35 1 

8*36 1 

8*34 1 

8*34 2 

8*35 2 

8*35 1 

8*35 1 

8*38 4 

8*37 2 

8*39 1 

8*39 3 

8*40 3 

8*41 1 

8*45 1 

8*47 1 

8*46 4 

8*45 1 

8*47 [2 
8*48 1 

8*48 I 
8*49 1 

8*51 1 

8*53 1 

8*53 1 


2150! 728 

82 


3*285 I I 


1 

6 

2 

! 6 

1 





















OF NEBULA AND CLUSTERS OP STARS. 


Beforenoes to 


Catft. SipJ.H.’s8ipW.H/B 
logue. CatalogaoB ClaBses 
of Nebulae, and Nos. 


Other 

Authorities. 


North Polar 
Distance 
for 

1860, Jan* 0. 


Annual 

Precession No. 
in of 
N.P.D. Ohs. 
for used. 

1880. 


Summary Description from a 
Comparison of all the 
Obsemtions, Bemarks, &c. 


2167 3286 


2169 733 


2202 

3296 

2203 

757 


755 

2205 

756 

2206 

3297 


758 

759 

2209 

760 


A. 355 


11. 81 


III. 701 

li-w 


m 8 
29 82*6 
29 2?1 
29 33 9 
29 38-5 
29 41'3 
29 48-4 

29 59*7 

.30 M 

30 9*5 
30 28‘7 
30 39*9 

30 59-8 

31 6*1 

31 7*4 

31 12‘8 


10 36 33*7 3'358 

M.95 10 36 36'7 3*1 75 

10 36 39*2 3-782 

10 36 41-4 2-734 

10 36 53-2 3-133 

10 37 11-7 2-736 

,10 37 21*0 4-018 

10 37 57-1 4-583 

10 38 69-5 3-091 

10 39 4-1 2-644 

10 39 id-S 3-189 

M.96 10 39 20-4 3-173 

10 39 34-8 8-219 

10 39 37-3 3-188 

A. 309 10 39 36-8 2-313 

10 39 49-3 3-187 

10 39 49-4 3-506 

D' Arrest, 73 10 40 12 3-12 

'10 40 16-7 3-189 

10 40 22-4 2-702 

Meohtin. 10 40 25*7 3-177 

'lO 40 27*4 3-323 

10 40 33-2 3-390 

10 40 39-3 2-874 

10 40 32*2 3-177 

10 40 34-9 3-116 


10 40 33-7 + 3-116 2 


1 121 38 41-2 

2 71 8 48-2 

2 51 49 25-5 

1 116 26 17-5 

1 116 52 38-5 

4 116 42 50-5 

1 35 45 49-1 

2 116 48 5-8 

1:: 116 49 17-1 

2 116 53 42-1 

1 116 56 48*4 

3 116 52 45*7 

2 130 54 24*7 

1 47 36 30*3 

2 41 51 29*3 

1 147 53 48-6 

2 65 11 2-2 

3 12 26 .12*4 

1 :: 79 59 19*5 

1 143 24 4*5 

1 125 19 17*0 

1 51 58 16-4 

1 117 1 41*4 

2 75 31 44*6 

1 15 54 50*5 

1 79 49 40*2 

1 64 20 20*5 

1 77 16 41*8 

1 74 23 11*8 

4 125 37 46*8 

1 16 25 22*7 

1 58 32* 21*1 

2 77 34 22*1 

1 33 18 30*6 

4 125 38 53*1 

2 82 30 48*4 

... 125 38 59*7 

1 26 2 26*3 

1 16 49 37*9 

1 87 28 32-5 

1? 132 58 43-5 

2 75 31 1-5 

4 77 26 55-8 

2 71 59 40-1 

1 75 28 25-1 

3 148 56 44-8 

1 75 95 15-1 

1 46 4 18-4 

[1] 83 12 24 

2 75 16 24-7 

8 129 17 2-7 

8 76 41 10*7 

5 60 39 47-7 

2 54 38 18-7 

2 113 41 86-7 

8 76 38 27-0 

1 84 15 58*0 

2 84 20 22-0 


86 
87 
87 
86 

87 1 

88 1 

88 [ 1 ] 
89 2 
89 3 

89 3 

89 5 

2 


2 |F;S;lE;bM 
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SIB J. F. W. HEESCHEL’S CATALOGUE 


Beferonoes to 


SirJ.H/g SirW.H/s 


Bight 

Ascension 

for 


Annual * Annual Total 

Precession No. Noi^ Polar Preo^ion No. Summary Description from a 

r.K n£ vS‘T^ AK Coin^wn&aUUie 

Sh Ob«ervatioM,BomarkH,&o. 


Cat«logue8 Cbuees Aiit»iAM««i I860, Jan. 0. Ascension used. 1860, Jan. 0. for used. 
ofNebuLe. andKofc Authontwe. jggO_ 


2210 

1 762 

2211 

761 

2212 

1 3298 

2213 

1 763 


11. 41 


III. 88n 


II. 872 

1.116 

1.117 

I. 284 

III. 792 

II. 361 

II. 336 


III. 919 

III. 913 
II. 718 


R. oova 


10 41 2*5 +3-116 1 
10 41 3-8 3-176 2 


II. 362 . 

III. 622 . 

I. 27 . 

II. 363 . 

IV. 6 1 

II. I3I j’ 

II. 493 . 

1.118 . 

III. 88 . 

II. 494 
1.118? . 

III. 108 . 

1.172 ., 


[II. 20 

HI. 497 

II. 887 
II. 47 
HI. 914 

1.267 


II. 364 


II. 82 
IV. 29 


I. 268 

II. 16 


II. 888 .,. 

III. 972 ... 

HI. 67 ... 


10 41 32-5 
10 41 36-0 
10 41 41-8 
10 41 59-8 
10 42 2-4 
10 42 7*5 
10 42 34-7 
10 42 57-4 
10 43 2-3 
10 43 15-4 
10 43 17-6 
10 43 20-3 
10 43 21-3 
10 43 33-3 
10 43 + 

10 43 33-5 
10 43 28-5 
10 43 29-8 
10 43 41-7 

10 43 49-0 

10 43 52-8 
10 43 54-7 
10 43 57-2 
10 44 1-8 
10 44 27-8 
10 44 33-7 
10 44 35-5 
10 44 40-7 
10 44 40-7 
10 44 43-3 
jlO 44 54-9 
10 44 59-2 
10 45 10-9 
10 45 58-4 
10 45 58-5 
10 45 59-6 
10 46 5-2 
10 46 20-2 
10 46 25-7 
10 46 40-2 
10 46 62-3 

10 47 1-0 

10 47 3-0 
10 47 11-5 

10 47 21-7 

10 47 23*7 
10 48 2-0 
10 48 29-5 
10 48 67*1 
10 48 57-6 

10 49 26-2 

10419 33*9 

10 49 68-9 

10 60 5-6 
10 60 15-1 
10 60 36-3 


2-807 1 

4*082 1 

2 - 870 3 

4-075 1 

3- 364 2 

3-364 2 

5*103 1 

3-717 1 

3- 314 3 

4- 609 1 

3-619 1 

3-884 1 

3-792 1 

3-496 1 


3-307 4 

2- 982 (3) 

3- 180 2 

3-308 2 


3-355 

3-327 

3-121 

3-356 

3-355 

3-141 

3-395 

3-356 

3-J56 

3-106 

3-865 

.3-257 

3*740 

3-730 

2-660 

3*203 

3-666 

2- 809 

2*919 

3- 291 
2-912 
3*206 
3-205 
2*968 
8-207 
8-721 

3- 132 

2- 879 

4- 652 
3*146 

3- 146 
8-425 

2- 976 

3- 769 
3-819 

+8-197 


84 18 1-3 +18-91 
76 43 38-3 I8-9I 


120 48 44-6 
23 28 40-9 
114 25 38-6 
23 30 51-2 
56 16 38-2 
56 15 69-2 
11 57 49*1 
33 49 64-1 

60 47 45-1 
16 34 35*7 
38 13 52-4 
27 53 7-4 
30 49 46-4 
45 32 51*4 
45 ± 

61 17 10-4 
102 6 30-0 

75 60 61-4 
61 9 14-7 


83 26 44-4 

66 29 64-7 
57 16 54-7 
83 25 0-7 
56 21 62-0 
56 18 10-3 

80 44 67-3 
52 38 29-3 
56 10 30-3 
79 6 47-3 

85 28 16*3 
27 58 21-6 
66 19 33-6 
32 8 27-9 
32 16 18-5 
134 24 21-2 
72 29 30-5 
34 56 48-5 
122 10 68-5 

110 6 14-6 

62 1 7-1 

111 2 13*1 
71 64 83-4 
71 68 7-4 

106 16 67*4 

71 38 64-7 
32 8 1-7 

81 33 42-0 
115 23 68-3 

14 3 47*2 
79 30 48-9 
79 29 49-2 
48 18 8-2 
103 33 21-6 
29 44 47-8 

27 39 6-1 

72 9 7*1 


18-99 

18-99 

18- 99 

19- 00 
19-01 

19-01 

19-01 

19-01 

19-01 

19-01 

19-02 

19-02 

19-03 

19-05 

19-04 

19-05 

19-05 

19-06 

19-05 

19-07 

19-07 

19-08 

19-08 

19-08 

19-09 

19-09 

19-10 

19-11 

19*14 
19*13 
19*14 
19*14 
19*15 
19*16 
19*17 
+ 19*17 


1 Suspected; stnr 1 

2 F; L; E90°±; vglbM; 9 

3rd of 3. 

1 F;S;pni£0‘’ 1 

1 vF; S; psbM; atnr 2 

3 F; S; R; psbM; 2stl0f 3 

1 cF;S;lE;vgbM 2 

2 cB; pS; ilE; l8tof2 4f 

2 pB; pS; ilE; 2udof2 4j 

1 cB; vS; iF 1 

1 vF; S; E; er 1 

3 pF;S;R;bM 4 

1 pF;L;iE;vgbM 2 

1 pB;K;pgbM 1 

1 vF; vS;H;vS*nr 2 

1 vF; cS; K; 2pB at 8 2 

1 pB; S; vlE; stellar; 3S St nr. 3 

... 3' diet from h. 772 0 

4 B; pL; U; lubM 5 

1:;F;S; R;lbM 4 

2 B; S;IEl35°+;8mbMN.,. 5 

4 cF; S; R; bM 5 

4 B; vLi U; bM; r 6* 

1 F;S 1 

1 cB;cL;iR;mbM(?58°P.D.). 1* 

3 F; vL; R; vgbM; rr 6* 

1 pF; pL; IE; ap of 3 3 

1 pB; L; iE; gbM; 2ud of 3... 2* 

1 eF;eS;R 1 

2 pB; pL; vmE 42°-5; Jinv? 3* 

li.’pfi; nfof3ioaliiie 1 

1 vF;vL;R;TgbM 2 

1 F; pS; R; vglbM 3 

1 cF; pS; IE; vgbM 2 

3 pB;pL;IEl20‘’;gbM 5 

1 vF;S;lE 2 

1 cB; pL;iR; VglbM; «10nf2' 2 

2 Cl;pL;P;lC;iF;8t9...13 2 

1 eF; vL;wvlbM;B J|sp ... 1 

1 B; pL; m£67‘’*0: gbM 3 

1 F; S; R; *6-7 sf. 1 

1 vF; L; R; VglbM; r 1 

4 F; pL; vlE; vlbM 6 

1 F;S;R;bM 1 

1 pF;lE;npof2 1 

2 pF; S; E; gbM; r; sf of 2 ... 3 

1 eF;8ttto*12f 2 

1 2 or 3 S st & neb 1 

1 vB; vS; R; stellar 1 

1 vF; vS; vlE; psbM 6 

1 F;S;R;glbM 1 

2 eF; pL; H; VglbM; {nf ... » 

1 vF;s.9,90“;pof2 1 

1 vF; R; vsmbM«12; f of 2... 1 

2 F; eS; R; bM 4 

1 eeF;S I 

1 vF;S;R;vgbM, S 

1 vF; Sj R; bM I 

1 vF:E;bettst 1 
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References to 


2268 800 

2269 801 

2270 3308 

2271 3307 


2274 805 


2286 3311 


229 
229 
22 
22 
229 

22971 3313 

229 

2299 817 

2300 3314 

230 
230 
23031 819 


2305 3316 

2306 3317 

2307 821 

2308 3315 

2309 3318 


2319 899 


I. 13 
II. 904 
III. 23 

III. 350 


III. 915 


III. Ill 


HI. 990 
II. 49 


1.990 
V. 46 
III. 351 

III. 358 


A. 323 


Right 

Annual 

Precession 

Ascension 

in 

for 

Right 

1860, Jan. 0. 

Ascension 

for 1880. 


h m 8 

10 50 49*8 

10 51 18*6 
10 52 16*3 
10 59 17*7 
10 52 29*0 

10 52 37*6 

10 52 44-4 

10 52 50*3 

10 52 56*1 
10 53 14*5 
10 53 49-7 
10 54 0*3 
10 54 11*7 
10 54 29*4 
10 54 30-4 
10 54 45-6 


10 55 32-8 
10 55 33*8 
10 55 50*2 
10 55 53*7 
10 55 59*3 

10 56 3*9 

10 56 5*4 
10 56 6-3 
10 56 27*4 
10 56 28*0 
10 56 43*8 
10 56 50*2 
10 57 1*2 
10 57 13*1 
10 58 19*3 
10 58 38*7 
10 59 4-5 
10 59 13*5 

10 59 41*3 

11 0 17*4 
11 0 19*9 
,11 0 20*6 
11 0 33*8 
'll 0 45*4 
11 1 17*1 
11 1 18*9 
11 1 31*1 
11 1 39*9 
11 8 99*3 
11 8 38*9 
11 8 40*8 
11 8 44*9 
11 3 3*0 
11 3 3*7 


+3*253 


3*263 

2*956 

2*956 

3*609 

2*530 

2*893 

•3*104 

3*960 

3*958 

3*319 

3*683 

3*137 

3*314 

3*518 

3*654 

3*954 



Annual 

Pre(^on No. Summary Description from a 
V P n Ohi Comparison u all the 
^for used Observations, Remarks, &o. 

1880. 



1 65 1 18*4 +19*18 

1 43 8 17*7 19*19 

1 135 49 22*3 19*21 

1 117 43 48*3 19*31 

1 13 25 47*9* 19*23 

4 74 24 56*6 19*22 

10 60 16 20*6 19*22 

1 31 34 53*9 19*23 

2 75 20 58*9 19*23 

1 77 5 16*2 19*24 

2 61 32 11*5 19*25 

3 85 37 30-5 19*25 

1 149 34 46-5 19*25 

1 108 43 14*1 19*27 

1 74 52 13-1 19*27 

1 33 2 J3-4 19*28 

1 13 27 12*0 19*30 

1 149 5 48*7 19*29 

5 61 16 22*7 19*29 

1 104 44 26*0 ' 19*30 

3 78 10 23*0 19*30 

2 71 6 42*0 19*30 

1 105 32 3*0 19*30 

1 84 28 16-3 19*31 

2 60 21 55*3 19*31 

2 112 21 17*3 19*31 

1 6l 11 48-3 19*31 

2 112 29 17*6 19 32 

1 lOH 1 41*6 19*32 

1 16 40 22*2 19*34 

1 32 43 27*2 19*34 

1 150 36 38*5 19*35 

1 89 16 57*8 19*36 

1 13 33 18*7 19*39 

2 77 51 22*4 19*38 

3 60 43 33*7 19-39 

1 108 43 4*0 1»4C 

1 108 47 19*0 19*4() 

1 32 1 29*0 19*40 

£ 147 55 1*0 19*40 

1 126 £5 0*3 19*41 

1 84 £4 45*6 19*42 

1 60 47 14*0 19*40 

1 60 84 £9*9 19*43 

1 53 12 44*9 19*43 

1 £7 54 1*5 19*45 

1 78 SO 58*5 19*45 

1 53 12 35*5 19*45 

£ 35 51 45*8 19*46 

1 S3 34 44*1 19*47 

5 60 £8 50*8 19*46 


1 vF; R;gbM; ♦13|^’gM £ 

1 cF; S; R 2 

1 eF; S; R; gbM 1 

1 pF; S; R; bM; amst 1 

1 Very doubtful object 1 

4 F; L; R; gIbM; r 5 

10 cB;cL;R;gmbM 13 

1 vlE;pS; ♦13satt 2 

2 vB;pL/lE80®+;»mbMN. 4* 

1 eF; cS; R; bMN 3 

2 vF; R; bM; *8p 2 

3 vF;pL;inE 4 

1 Cl; pL; pRi; 1C; 8tl3 1 

1 vF; vS ; iR ; glbM 1 

1 eF; pL 1 

1 vF; vS; stellar 1 

1 |^p|; D neb; V near 1 

1 3Sstl0min vFneb 1 

6 B; L; E; mbMN; rr; pof 2 8 

1 pF; S; R; glbM; *14 nr ... 1 

3 vF; cS; R; vgvlbM 4 

2 cF; pL; R; sbMS*; '' 4 

«9 att £5^ 




Sinfinv... 


11 3 9*61+8*258 I 8 I 60 88 4*11+19*47 


1 eF;S;lE;? 1 

2 F; L; cE; *7, 310° 8' 5 

2 vF;vL;mE 2 

1 F; pS; R; pgbM, fof2 2 

2 vF; vL; mE 2 

1 vF; pL; R; VgvlbM 1 

1 pB; vS; jR; psmbM* 2 

1 cF;S;R;vgbM 2 

1 Cl;pI<i;pC 1 

1 cB;cL;niEl40°+;vBmbMN 4 
1 F; pL; IbM 1 

3 F; S; IE; psbM; 2st np in 5 

line. 

3 eF;S;*10p60" 5 

1 F;S;R;pslbM;pof2 1 

1 eF; S; R; vIbM; f of 2 1 

1 vF;S;R;pgbM £ 

2 n;Cl;eL;R;lC;8t8...12... 4 

1 eeF; vS*att 1 

1 cF; vS; R; bM; r £** 

1 F;S;R;bM 1 

1 eF 1 ■ 

1 vF;R;psbM; •7p7' 1 

1 eF:vS;E0°i;r 2 

1 F; S; IE; vlbM 2* 

1 #F;S;#8(P 1 

t cB;cL;cEl60° £ 

1 cB; vL; vmE 79***0; pbM; r. 3 
6 l;F(?«ir);S;R;bM;*9fl'; 8* 
latof4. 

3 eF;TS;2ndof4 5 I 
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Beferenoee to 


Total 
No of 

Summary Description from a 
Comp^ofalltlM 
Obaerratioiii, Bemariu, Ac. 






























OP NEBTJLE AND CLU8TEES OF STABS. 


Befwenc^ to 


SirJ.H.»8 SirW.H/i 
Cataioguei Clasaes 
of Nebulas, and Nos. 


Annual ‘ 

Right Freoeiaipn No. 

Aaoension in of 

for Right Obs. 

1860, Jan. 0. Ascension used, 

for 1880. 




Summary Description from a 
Comparison of all the 
Obserrations, Remarks, Ac. 


76 16 17*6 I +19*66 3 |B;vL;mEl50°;mbM;2«tnp| 9 


4 76 38 28*6 

1 36 4 6*6 

7 62 16 12*$ 

2 86 16 11-6 

1 71 4 37*6 

2 99 30 44*8 

2 99 28 56-8 

:: 70 62 66*6 

1 85 59 63*1 

4 30 9 43*1 


69 4 20-4 
49 22 36^ 
69 1 43*7 
64 56 3-7 
64 67 48*7 
61 27 49-7 
19 47 39*0 
72 38 30-0 

35 23 23-0 

36 18 44-3 
71 25 28*3 


1 : 50 42 2*3 


97 62 41*3 
103 3 31-3 
90 19 63‘3 

60 28 40’6 
77 63 21-6 

103 4 29*6 
25 47 2*9 

31 30. 53*9 
65 16 34*9 
28 46 10*2 
99 1 48*9 

116 58 29*2 
45 38 32*2 

42 14 27*2 

32 6 42*5 

61 21 44*5 
96 4 62*5 

132 27 60*5 

72 22 2-6 

22 38 33*8 
32 28 67*8 


2 72 12 19*8 


4 pB; vL; vmEl02®*0 8 

1 pB; L; Rj svmbMrN 2 

7 cF; L; R; vgvIbM 9 

2 pB; S; R; smbMN 3 

1 pB; ♦inv 1 

2 F; vS; R; IbM; *7f; pof2. 4 
2 F;vS;R;psbM;*7p;fof2 4 
:: pF; S; R; vlb.M; foil h. 856, 0 

16'. 

1 B;pL;R;p8bM 3 

4 pB; pL; R; vgbM 7 


1? 86 16 50*1 19*67 l? pB;S;E;bM 1 


19*68 2 cF; cL; IE; gbM; spof2 ... 3 

19*69 1 pB;S;p»iE;bMN=cIos€!? 1 

19*69, 2 ' vF; pS; R; gbM; nfof2 ... 3 

19*69 1 cF; vS; R; bM; npof2 2 

19*69 1 vF;vS;8fof2 2 

19*69 1 pF; cL; IE; vgbM 2 

19*70 2 F;S;1E15‘>+ ..; 2 

19*70 3 pB; pS; iR; bM; r 6 

19*70 1 pB; S; R; VgbM; *12p ... 2 

19*71 1 cF; vS; R; Rtellar 3 

19*71 1 cF;S;IE;r 3 

/H. cB;S;:R;sv.nh.MNl „ 
*9*71 ** \ h. F;U;#i7M. / ® 

19*71 1 F; pL; iR; vgbM 1 

19*71 1 F; S; R; stellar; p of 2 S 

19*71 1 vF; S; attto#13m 3 

19*72 2 cB; cL; iR; pgmbM 2 

19*72 3 F; E90‘’±; B*f34» & 

19*72 1 pF; pL; iR; vIbM 4 

19*73 1 F; pS; iR; gbM; •9np...... 4 

19*73. 1 vF; pL; pinEl35°+; er ... 3 


19*74 2 
19*76 1 

19*76 1 

19*75 2 ? 
19*75 2 


19*76 1 cB; S; iR; spmbMN 

19*76 1 cB; pL; E 3 

19.76 3 pB; pL; E; vgbM 8 



72 0 27*1 19*77 2 pB;L;vlE;vgbM;r. 


69 42 62*1 19*77 6 pB; pS; R; IbM; 

30 40 47*4 +19*78 2 pB; pS; vlE80“±; pgbM 


























SIE J. F. W. HESSCHEL’8 CATALOGUE 


Reforenoes to 


Oata- Sir J. II.'b Sir* W. H.'s 

logue. Authoritie.. 

of Nobuki. and Nos. 


Annual 


Bight 

Ascension 

for 

1860, Jan. 0. 


N^h Polar Freomon No. Summary Description from a 

Di^ce to of Comparison of aU the 

- N.P.D. Obs. Obserrations, Bemarks, Ac. 

1860, Jan. 0. for used. v/oBvrvauouB, a., 

1880. 


2429 3334 


2432 3345 


2456 916 

2457 3350 


2467 922 


+ 3*182 1 

3*142 2 

3*111 1 

3*023 1 

3*231 1 

3*158 1 

2*706 1 
3*171 1 

3*109 1 

2*920 3 

3*109 1: 

3*161 1 

3*185 1 

3*183 3 

3*183 3 

3*024 2 

2*958 2 

. 3*342 2 

3*442 2 

3*284 2 

3*162 1 

3*333 1 

3*115 1 

3*042 2 

3*340 1 

3*038 1 

3*602 1 

3*340 1 

3*331 1 

3*387 1 

3*255 1 

2*938 2 

3*748 1 

2-939 2 

3*784 1 

3*319 1 

3*203 1 

3*360 1 

3*14 [1] 

3*398 1 

3*13 [2] 

3*150 1 

2- 764 2 

3*128 1 

3*125 1 

3*262 2 

3*364 2 

3*143 2 

3*109 1 

2*881 1 
3*315 2 

3- 241 1 


+ 19’78 I 1 
8 
8 


B; pL; IE; bM 


2*954 1 

3*171 3 

3*171 3 

3*123 2 


1 
































OF nebulj: and clusters of stars. 




Vo. 

of 

Oata^ S: 
lo^. 5 
oi 


Baferenoes to 


Sight 

Aflcension 

for 

1800, Jan. 0. 




Annual 

North Polar Preoeeaioii No. ^ -n • 

JMmee in of Summary DewnpUcn from a 

for N.P.D. Ob.. 

ISflO, Jan. 0. for uwd. Ob»rvation., Eamarkm Ac. 
1880. 



11 32 45*1 +3*305 1 32 59 54*6 +19*92 1 cF;pS;vS*vnr 1 

11 32 47*4 3*327 1 30 36 24*9 19*9*3 1 vF; S; mE 1 

11 32 47*9 3*345 2 28 56 14*9 19*93 2 F;cS;H;mbM 8 

11 82 54*0 3*116 2 73 53 41*9 19*93 3 cF;R;pof8 Sf 

11 32 54*5 3*144 1 64 31 35*9 19*93 1 F; cS; IE; stellar; r 3 

11 32 57*8 3*116 4 73 52 36*9 19*93 6 F; pS; E; pglbMj r; fof 2 ... Sf 


73 52 + 

3*122 3 71 29 46*9 

71 29 ± 

3 71 27 36*9 

1 32 58 24*9 

1 68 53 9*9 

[1] 71 25 42 

1 66 46 41*9 

2 41 30 46*9 

3 77 45 10*9 

1 64 24 10*9 

3 52 40 24*2 

1 64 25 31*2 

1 78 55 43*2 

1 95 23 14*2 

1 78 54 43*2 

2 68 54 26*5 

1 78 57 13*5 

1 103 4 35*5 

I ^ 26 51*5 

I n 58 3*5 


Smaller than h. 936 0 

19*93 3 pF; pL; R; bM; r; OndofS 4 


3*143 

3 

62 

44 

1-5 

19*95 

3*12 

[»] 

70 

22 

42 

19*94 

3*253 

1 

36 

29 

51*5 

19*96 

3*141 

1 

62 

4.3 

32-5 

19*95 

3*048 

1 

102 

5 

22*8 

19*96 

3*130 

1 

66 

24 

56*8 

19*96 

3*097 

1 

79 

6 

56*8 

19*96 

3*12 

cn 

70 

7 

42 

19*95 

3*306 

0 

29 

6 

47*8 

19*96 

3*286 

2 

31 

16 

21*8 

19*96 

3*121 

2 

69 

15 

52*8 

19*96 


... 

69 

15 

± 

..••as 

3*120 

2 

*69 

20 

12*8 

19*96 

3*120 

3 

69 

17 

13*8 

19*96 

3*120 

1 

69 

14 

9*8 

19*96 

3*264 

1 

33 

34 

40*8 

19*96 

3*159 

1 

55 

42 

18*8 

19*96 

3*098 

1 

78 

65 

67*8 

19*96 

3*265 

1 

33 

19 56*8 

19*96 

3*120 

1 

69 

15 

33*8 

19*96 

3*098 

1 

78 

65 

57*8 

19*96 

3*118 

1 

69 27 

57*1 

19*97 

3*118 

1 

69 

14 

20*1 

19*97 

3*117 

1 

69 

35 

57*1 

19*97 

■F8-096 

2 

78 

23 

56*4 

+ 19*98 


... No description (for 939, c, 0 
see No. 5069). 

2 vF; pS; r; 2 vBstp; 3rdof3 4 

1 pB; E 1 

1 cB;cS;R:bM;r .3 

[1] F;pL;#9*10,s5' 0 

1 rF; vS 1 

2 F;S;vlE;glbM 4 

4 B;L;vlE 8 

1 cF; vS; R; pof2; ♦68f3'.. 3 

3 cB;pL;pmE90°+;bM ...i 5 

1 cF; S;tof2 2 

1 F; l8tof4 1 

1 F; pS; R; psbM 3 

1 vF;2iidof4 1 

2 vF; cS; R; bM; bet28t 5 

1 pF; pS; 3rd of4 2 

1 F; cS; IE; pslbM 1 

1 vFycS; pmE 3 

1 pF;pS;4thof4 2 

3 pF; S; R; psbM; stellar ... 4 

[l]F;S;lbM 0 

1 : vF; vS 2 

1 eF I 

1 F;vS;R;bM 1 

1 vF; pL; 2 suspected neb nr .. I 

1 eF;pS 1 

[1] vF; vS;slbMN#13m 0 

2 pB; E;gbM; ;8nf5' 1 

2 pB; cS; E; psbM*12 3 

2 cF; S; R; IstofS 1 

... 8 “knots” (vide li. 960, 1,2, 3) 0 

2 cF;S: R;2ndof6 1 

3 F; S; R; vglbM;3rdof6... 6 

1 vF; pS; 4thol 5 1 

1 F; pL; R; vgl.M 1 

1 F;S;R;psbM 1 

1 eF; vS 1 

1 eF:pI>;lE 1 

1 leF; vS; R; 5th of5 8 

1 |eF; vS 1 


1 F;S;R;bM(?). 

1 vF; vS; r 

2 F; S; iR;pebM . 


























SIE J. F. W. HEBSCHEL 8 CATALOGtlE 


Reforenoei to 



Annual 


Right 

Anoension 

for 

1860, Jan. 0. 

Precession 

in 

Right 
A.sconBion 
for 1880. 

No. 

of 

Obfi. 

used. 


Distance 

for 


Summary Description from a 
Comparison of all t^ 
Obserrationi, Bemarks, &o. 


H. 

III. 833 

II. 'i04 

III. 104 
III. 387 
III. 103 

I. SOI 

II.88I 


-ms 8 „ , „ 

11 38 34«3 +3-218 3 39 1 19*4 +19'98 3 cF; cS; R; pabM 

11.38.34-6 3-152 1? 56 6 59*4 19*98 1? eF; R; gbM; l«tof4 

11 38 35-6 3-102 3 75 27 32-4 19*98 3 B;8; R;embM* 

11 38 360 3-091 1 80 40 29-4 19-98 1 vF; vS; suspected 

11 38 37-2 3-116 1 69 27 58-4 19*98 1 vF; vS; r 

11 38 37*6 3*093 1 80 1 58*4 19*98 1 vF; r 

11.38 5.5-9 3-202 2 41 43 58-4 I9-98 2 B;L;niE25®+ 

11 38 56-4 3-150 1 56 1 20-4 19*98 1 vF;R;2ndof4 1 

11 39 0-8 3-391 1 194957*4 19-98 1 F;pL;raEl05°+ 1 

11.39 1*4 3*150 2 56 3 20-4 19-98 2 vF; R; gbM; 3rd of 4 2 


III. 372 
977 nil. 388 
III. 828 


II. 785 
II. 723 


II. 553 
III. 940 


989 HI. 321 


11 39 14-9 3-149 2 56 7 5-4 

11 39 16-6 2-903 2 145 36 20-4 

11 39 21-8 3-112 1 68 35 58-4 

11 39 30-9 3-116 1 68 49 39*4 

11 39 45*1 3-014 2 117 8 33-7 

11 39 56*8 3-040 2 106 4 52-7 


11 40 6-3 
11 40 45-5 

11 40 53-3 

11 40 54-2 
11 41 12-9 
11 41 18-7 
11 41 29-7 
11 41 36-1 
11 41 41*5 
11 41 45*6 

II 41 51-5 

III 41 53-3 
11 41 58-8 
11 42 1-2 
11 42 1-4 
11 42 9*2 
11 42 11-9 
11 42 19-8 
11 42 34-3 
11 42 42-2 
11 42 49-0 
11 43 0*7 
11 43 4-8 
11 43 20-3 
11 43 20-4 
11 43 20*5 
11 43 23*9 

11 43 33-5 
43 36*9 
11 43 37*1 
11 43 47-7 
-11 43 57*8 


I 33 15 24-7 
58 51 30*7 

100 10 27*7 

14 52 59-0 
40 30 26-0 
29 48 43-0 
29 47 51-0 
40 30' 59-0 
54 11 35-0 
33 8 26*0 
62 46 31*0 
62 11 43-0 
11 7 57*0 
63* 5 50-0 
126 44 21-0 
118 32 27*0 
40 48 0-0 
90 19 7*0 
137 29 23*0 
64 17 48*0 
62 44 0-3 


33 53 0-3 


3*115 1: 

3-193 

3-203 
3-180 
3*025 : 


2 vF; R; gbM; 4th of 4 

2 vF; IE; Sstinv 

1 vF; cL 

1 cF; S; iR; gbM; r; ♦78p6’ 

2 cF; vS; vlE; bM; vFe*8f 

2 pB; L; iR; vgpmbM 

2 pB; S; IE; pgbM 

3 pB; S; bM 

2 pB;pL; R; gbM; r 

1 vF; S; R; bM 

1 B; pL; R; mbM 

2 B; pL; iR; pgmbM; p of2 . 

1 pF; pL; vIE; gbM; f of 2... 

1 F; vS I 1 

3 F;S;R;bM 

4 B; pL; IE; svmbM 

1 pB;R;8nibM 1 

5 B;pL;vlE0O±;bMN ....s. 8 

1 pF;pL;r 1 

2 F; pS; IE; vglbM 

2 pB; cS; vlE; IbM 

1 pB; S; R; mbM 

1 eF; pL... 1 

1 cF; S; psbM 1 

1 Cl; vL; IC;st9...14 

1: vF; S; pof2 

3 F;pL;R;pgbM 

1 


11 43 59*4 3*189 

D’Arrest,83 11 44 6 3-11 

998 I III. 379 1 11 44 11-2 + 3*108 






















OP NEBULvE A?n) d-FSTEES OP STABS. 


.93 



BefernioMto 





1018,(7 

1020 

1019 

iqi^l 

1022 

1023 


II. 724 


II. 132 
II. 840 


1024 III. 343 

1026 

1025 III. 707 

1027 


II. 791 
IV. 61 


I. 22Q 


1 

2 

1 

< 






Other 

Authoritiei. 



h. 

999 

25911 1000 I III. 616 


D’Arrest, 84 


III. 380 

I. 173 
III. 322 

I. 251 

II. 403 
I. 202 

III. .342 
V. 45 

III. 612 
III. 381 


2610 3368 III. 290 


2613 1015 IV. 67 

2614 3369 


2616 3370 

2617 1016 


1017 IV. 62 

1018 II. 162 


A. 349 


U. nova 


R. 3 novae 


R. nova 


2649 1038 

2650 1039 


11 44 24*7 
11 44 29*7 
II 44 39'8 
11 44 49 
11 45 8*9 
11 45 19*8 
1 1 45 28*9 
11 45 30*5 
ll 45 31*1 
1 45 34*2 
1 45 38*3 
1 45 50*3 

I 45 50*5 

il 46 7*9 

II 46 21*7 
11 46 22*4 
11 46 27*4 
11 46 28*1 
11 46 30*0 
11 46 53*7 
11 46 56*8 
1 46 58*4 
1 47 1*8 
1 47 27*9 
1 47 29'3 
1 47 31*4 

I 47 32*4 
.1 47 39*1 

II 48 4*2 
11 48 4*2 
1 48 6*5 
1 48 16*5 
1 49 f 

1 48 18-9 
1 48 20*0 
1 48 32*4 
1 48 46*9 
1 48 54*9 
1 49 3*7 
1 49 10*1 
1 49 23*3 
1 49 23*7 
1 49 30*3 
1 50 9*6 
1 50 14*3 
1 50 15*6 
1 50 A4*2 
1 50 34*3 

1 50 ± 

1 50 36*1 
1 50 44*7 
1 50 45*6 
1 50 45*6 
1 50 52*9 
1 50 53*4 
1 50 56*3 
1 50 57*6 
1 51 3*0 
1 51 4*6 


No. 

North Polar 

Annual 

Precession 

No. 

of 

Distance 

in 

of 

Obs. 

for 

N.P.D. 

Obs. 

used. 

I860, Jan. 0. 

for 

used. 


1880. 



Coinparison of all the 


+ .3*170 
3*139 
3*182 
3*17 
.3*124 
3*033 
3*103 
.3*150 
3*378 
3*10.3 
3*132 
.3*111 
3*211 
.3*101 
3*155 
.3*105 
.3*169 
3*068 
3*101 
3*043 
.3*047 
3*048 
3*188 
.3*184 
2*976 
3*254 
3*056 
3*108 
3*166 
.3*166 
3*165 
3*086 


3095 

3*121 

.3*093 

3*093 

.34097 

3*095 

3*070 

.3*087 

3*097 

+3*097 


1 40 

2 51 

1 37 

[1] 40 

3 56 
1 116 
1 68 

2 45 

1 14 

1 68 
.3 52 


1 68 
2 41 

1 65 

1 36 

2 93 
1 68 
2 112 
I 109 
1 108 


1:: 144 

1 19 

2 103 

2 60 
1 33 

1 33 

1 34 

2 77 

... 77 

1 101 
1 59 

1 101 


1 109 

1 65 

1 60 
1 40 
3 57 

1 61 
I 33 
1 «5 

3 74 

1 33 


31 56*6 

13 20*6 
16 0*6 
35 48 

48 50*6 
7 21*6 

35 6*6 

5 35*6 
7 0*6 

14 0*6 
13 50*6 

0 39*6 
33 14*6 
28 0-6 
21 59*9 

49 28*6 

53 3*9 
13 23*9 
20 44*9 
24 0*9 
47 29*9 
47 0*9 

51 20*9 
43 51*9 

56 21*9 

54 0*9 

11 30*9 

57 8*9 
54 0*9 

54 0*9 

6 0*9 

15 16*9 
15 - 
15 54*9 
13 .19*9 

12 44*9 
28 4*2 
42 30*2 

7 1*2 
20 55*2 

13 26*2 

52 57*2 
11 59*2 
20 43*2 
46 31*2 

50 34*2 

55 29*2 
46 21*2 


63 57 ± 

63 57 34*2 
41 54 1.3*2 
66 0 39*2 
66 4 59*2 
61 20 22*2 
63 53 51*2 
91 21 8*2 
66 6 2*2 
61 1 33*2 

61 10 +? 


+20*02 

20*02 

20*02 

20*01 

20*02 

20*02 

20*02 

20-02 

20*02 

20*02 

20*02 

20*02 

20*02 

20*02 

20*03 

20*02 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 

2003 

20-03 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 


20*03 
20*03 
20*03 
20*04 
2004 
20 * 0 # 
20*04 
20-04 
20*04 
20*04 
20 04 
20*04 
20*04 
20*04 
20*04 


20*04 

20*04 

20*04 

20*04 

20*1)4 

20*04 

20*04 

20*04 

20*04 

+20*04 


1 pF; S; R; pspmbM 

2 eF;cL;iF;gil'M;*6n5'i*71’ 

1 eF; S I 

[1] vF; vdiffic; H. II. 740np ... 0 

3 pF;S;IE;p8bM 3 

1 vF; cL; vraE59°*3 1 

1 vF;cS;R 2 

2 B;vL;R;bMpBN;er 3t* 

1 eF; vS: R 1 

1 vF; cS; R 3 

3 vB; pL; R; BmbM«9 4 

3 pF ; pS : R : pebM 4 

2 B; pL; R; gmbM; r;*f. 3 

2 F; pS; iE; IbM; Jp 5 

2 cB; pL; pm£; vgb.VI 4* 

1 vF;cS;vlE 

1 cB; L; E0°+; vabMLrN ... 

2 cF;cS;IE9^±;bM;r .. 

1 eF; R 

2 cF;S:El70®+;lb8 

1 pF; pL; pmE ^”*8 | 2 

1 F;S;E:r 

2 pF; pS; pniE; vgbM 

2 pF; cL; R; vgjsbM 

I Cl; pL; pRi; gpImbM; at 13 

1 eF;vS I 1 

2 cB; pL: iR; gmbM; A2at... 

2 vF; S; E; alOnf att 

1 pB;E 1 

1 F;S 1 

1 B; pL; R; gtxbMdiac 

2 pB; L;iR;bM;*10,25%5' 

... nfh. 1018 

1 F; S; R; psbM; p of2 1 

I pF;vS;k;bM 2 

1 vF;S; R;bM;fof2 1 

3 B; pL; cE 30°; vsrobMN ... 4 

2 cF;S;IE;blVf;*8,90°,6'... 3 

1 vF;pL;iF 1 

1 cF; cS; R; pabM 2 

1 eF;S;R;bM 1 

1 vF; cS: another auspepted ... 3 

3 pF; S; pinE90°±; all nr... 1 

I vF; S; R; bM*; pof 2 

1 pF; S; IE; palbM 

1 cB; vL; pmE; sbMBrN 

2 vF; pL; R; 2stl'. 

1 cB; pS; R; vg.ambM •••••• 


... one S, R; the other two E ... 

1 pF; vS: E25°bet2at 

S; R; 7'npb. 1040 

1 vF;vS;R:nof2 

1 vF;vS;R;8#2 

2 F; vS; R: *12Dear 

1 • eF; suspected 

1 F;S; R;bM;*nnt 

1 eF;vS 

3 pB; pS; R; pabM; r 

0 vB; mE; mbM(?P.D.) 
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OF NEBUL® AND CLUSTEES OP STABS, 


95 


BeferenoMta 



2710 1079 III. 382 

2711 1081 I.«07 

2712 1080 III. 400 

2713 1082 III. 363 


2715 

1084 

2716 

1083 

2717 

1085 

2718 

3377 

2719 

1086 

2720 

3378 


2723 

1088 

1.195 

2724 

3380 


2725 

1089' 


2726 

3381 

111.533 

2727 

1090 


2728 

1092 , 

...... 

2729 

1091 

III. 708 


2732 1093 

2733 1092 V. 4 


2734 1094 


2736 1095 III. 68 

2737 1096 1.279 


2754 1109 
2735 1110 


Other 

Authoritiee. 



Bight 

Preoenion 

No. 

North Polar 

Afioenaion 

in 

of 

Diftanoe 

for 

Bigbt 

Oba. 

for 

18G0, Jan. 0. 

Aaoenaion 

uaod. 

1860, Jan. 0. 

for 1880. 




h m e 
1 58 45*3 
1^8 51-9 
1 68 53*1 
1 58 54-0 
1 58 67-0 
1 58 59*8 

1 59 0*1 

J 59 15*4 

1 59 m 
1 59 28*8 

1 59 29*4 
fl 59 34-4 
1 59 39*8 

1 69 52-9 
rl 59 55-8 

2 0 0‘5 
2 0 0*9 
2 ' 0 1-7 
2 0 19*8 

12 0 26*9 
12 0 42-1 
2 0 56-3 
12 0 69-2 
12 0 59*4 


+3072 

3*072 

3*072 

3*072 

. 3*072 

3*072 

3*072 

3*070 

3*077 

3*070 

3*074 

3*074 

3*062 

3*067 

3*077 

3*068 

3*074 

3*070 

3*072 


68 

38 

1*8 

41 

44 

34*8 

52 

21 

4*8 

68 

36 

5*8 

68 

35 

2*8 

39 

38 

47*8 

63 

39 

44*8 


150 27 66*8 
61 2 37-8 


119 0 41*8 
22 3 42*8 
46 9 26*8 
129 25 18*8 

55 13 46*8 
103 24 23*8 

74 49 13*8 
86 30 33*5 

46 12 1*8 
79 41 2*5 
19 38 2*5 

56 13 7*5 
86 20 39*5 


12 1 1*2 3*070 2 78 50 36*5 

Auw.N.28 12 1 3*1 3*045 ... 24 2 50*6 


12 1 28*2 .3*067 

12 1 29*2 3*005 

12 1 33-2 3*032 


73 5 11*5 
12 25 10*5 
20 25 2*5 


12 .1 42*3 3*074 3 98 15 19*5 


R. nova 



12 1 47*9 

12 1 52*9 
12 1 59*4 
12 2 1*4 
12 2 6*7 
12 2 23-2 

12 2 29*8 

12 2 31*4 
12 2 43*5 
12 2 54*1 
12 2 54*5 
12 2 + 
12 2 55*5 
12 2 56*8 
12 3 22*6 
12 3 26*7 
12 3 27*0 
12 3 28*7 
12 3 36*9 
12 3 42*6 
12 3 46*5 
12 4 0*9 
12 4 4*2 
12 4 4*7 
12 4 39*4 


3*063 2 

3*063 3 

3*003 2 

3*062 2 
3*061 1 

3*053 2 

3*037 1 

3*044 1 

3*051 1: 

3*047 2 

3*053 1 


3*064 3 

3*060 1 

3*030 1 

8*057 1 

3*050 2 

3*064 -3 
S* 06 S 1 

« 8*026 1 
3*049 2: 

3*036 1 

3*061 1 
2*945 1 

+ 3*018 2 


59 56 7*5 

59 58 57*5 
14 19 20*5 

60 3 7*5 
59 18 5*5 

45 32 32*5 
30 22 0*5 
36 6 6*5 

46 44 3*5 
42 46 19*5 
49 20 37*5 
70 40 + 
70 40 17*5 
62 48 2*5 
30 56 13*5 
58 49 5*5 
49 49 31*5 
73 11 28*5 
70 52 2*5 

30 53 2*5 
49 45 45*5 
38 43 54*5 
69 2 58*5 
13 5 48*5 

31 27 2*5 


Anniuil 

Preoewion No. 
in* of 

N.P.D. Ob*, 
for uaed. 

1880. 


Summary Doacription from a 
Comparuon of all the 
Obscrrations, Bemarka, Ac. 


20*05 

20*05 

20*05 

20*05 

20*05 

20*05 

20*05 

20*05 

20*05 

20*05 

20*05 

20*05 

+20*05 



2 B; pL; IE; vgbM; «np 2 

1 vF; pS; IE; gbM; r 3 

1 vF; S; IF; vglbM; er 2« 

1 cB; H; vg, vabMN 2 

2 pF; cL; vniE109°*0; vgbM~ 3 

1 B; vL; vglbM 2 

.. S; prec h. 11.06 0 

3 ©; vB; pL; K; gbM; rrr ... 4 


1 vF; pS 1 


1 F;S;E 

1 B; S; R; pgnibM 


vB; S; R ; vsinbMBN; p of 2 4t 
pB; pL; R; pgmbM; r 4 
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SIB 3 , F. W. HEESCUEL’S CATALOGUE 


Boforenoee to 


2766 1117 


2796 1140 

2797 1141 


2809 3385 

2810 1150 


2812) 1152 
2813 1153 


and Nos. 


Bight 
AsQSQsion 
for 

AuthoritiM. |1800 ,Jmi.O. 



Anmml 

No. N^ PoUr Preo^on No. Summary DewripUon from « 
of Dwlvioe m of bi^Jarbon Sf all the 

I860, Jan. 0. & SS'. Obaervation., Bemarka, 4o. 

1880. 



2769 

1120 

III. 358 

2770 

1123 

II. 792 

2771 

1121 

11.372 

2772 

1122 

III. 359 

2773 

1124 

III. 360 

2774 

3383 

III. 534 



ll. 793 


12 4 46*9 +3*067 
12 4 56*4 3*046 

12 5 4*5 3*045 

12 5 8*6 3*063 

12 5 14*5 3*051 

12 5 16*6 3*016 

12 5 17*2 3*051 

12 5 18*7 3051 

12 5 27*2 3*050 

12 5 30*9 3*081 

12 5 35*2 2*993 

12 5 42*9 3*070 

12 5 63*0 3*067 

12 6 4*8 3*016 

12 6 13*1 3*031 

12 6 14*4 3*152 

12 6 15*1 3*048 

12 6 28*8 3*018 

12 6 38*7 3*06 1 

12 6 39-4 3*038 

12 6 39*6 3*066 

12 6 40*0 3*060 

12 6 44*6 3*061 

12 7 6-6 3*004 

12 7 8*8 2*988 

12 7 26*4 3*045 

12 7 28*5 3*066 

12 7 29*7 2*997 

12 7 32*0 2*983 

12 7 32*7 3*061 


2801 

1143 

2802 

1144 

2803 

1145 

2804 

1146 

2805 

1147 

2806 

1148 

2807 

1149 


12 

D’Arre8t,87 12 

12 


11.518 


11.519 


11. 17 


11.496 
II. 11 


7 44*7 

8 1*5 
8 8*0 
8 9 I 

8 19*4 
8 21*7 
8 23*4 
8 31*3 
8 31*6 
8 36*0 
8 44*8 
8 46*7 
8 49*1 

8 55*0 

9 7*3 
9 9*1 

9 12*9 
9 17*6 
9 21*7 
9 23*0 
9 25*1 
9 28*9 
9 31*4 
9 32*3 
9 86*9 
9 41*0 
9 58*6 
9 59*5 
9 59'5 

10 3*8 


1 52 

1 76 

2 60 

1 33 

2. 60 


1 103 

1 78 

1 87 

3 82 

1 36 

2 45 

1 151 

3 60 

1 38 

1 75 

1 52 


1 76 

1 34 

1 29 


1 83 

1 33 


5 49*5 

2 2*5 
43 3*6 

1 5*5 

3 17*5 

2 58*5 

0 1*5 
5 31*5 

3 31*5 
14 38*5 
22 7*5 

55 ?8*5 

11 3*5 
20 2*5 
32 36*5 

56 12*2 
42 57*2 
30 2*2 
48 11*2 
35 28*2 

1 3*2 
19 1*2 

3 5*2 
40 46*2 
34 2*2 
48 15*2 
24 54*2 

12 18*2 
16 2*2 


3*060 
3*037 
3*051 
2*96 
3*058 
3*041 
2*946 
3*057 
3*047 
3*030 
3*065 
3*058 
3*009 
3*006 
3*126 
2*931 
* 3*006 
3*065 
3*063 
8*057 
3*084 
3*005 
3*030 
3*026 
3*030 
3*160 
3*063 
3*067 
3*063 
+3*054 


2 77 3 13*2 

1 76 4 2*2 

2 56 1 26*2 

1 68 33 36*2 

■1] 25 25 42 

1 75 19 25*2 

1 60 43 22*2 

1 23 14 29*2 

2 75 19 1*2 

1 65 13 59*2 

1 52 64 3*2 

3 82 49 9*2 

2 76 4 2*2 

4 42 8 56*2 

1 41 5 2*2 

4 132 32 44*2 

1 22 59 24*2 

1 41 20 34*2 

1:: 82 31 31*9 

2 81 45 38*9 

1 76 8 1*9 

1 101 31 49*9 

1 42 19 32*9 

2 55 42 6*9 

1 ^2 53 41*9 

2 55 39 37*9 

1 144 31 20*9 

2 82 1 40*9 

1 85 32 30*9 

1 81 35 59*9 

2 73 54 23*9 


+20'05 
20*08 
20*05 
20*05 
20'05 
20*05 
20*05 
20*05 
20*05 
20*05 
20*05 
20*05 
20*05 
20*05 
20*05 
20*04 
. 20*04 
20*04 
20*04 
20*04 
20*04 
20*04 
20*04 
20*04 
20*04 
20*04 
20*04 
20*04 
20*04 


20*04 

20*04 

20*04 

20*P4 

20*04 

20*04 

20*04 

20*04 

20*04 

20*04 

20*04 

20*04 

20*04 

20*04 

20*04 

20*04 

20*04 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 

20*03 

+20*03 


1 B{ L; iE; l)M 2 

2 rF;pL;vlE;er 2 

1 F;pL; RfvgbM; Jap 10'... 1 

1 pB; pL; IF; pabM; r; inv 3 

2 F;S;l8tof4 4 

1 F;S;lE;gbM 2 

1::F; S;2ndof 4 4* 

2 F;S;3rdof4. 4 

2 F; f*S; 4th of 4 4* 

1 vF; pL; R; vgbM 2 

2 vF; vL; E 45®+ ; *7 f 2 

1 pB;pS; pmEl35®+; b.MN 5 

3 pF; S; IE0'’+; r 5 

1 eF; S; atellai* 1 

2 vF;cL; iiiEl70°+ 5 

1 Ci;raC;steS I 

3 cF; L; R; gbM 5 

1 pB;S;lE 1 

1 F; L; IE; vglbM; r 3 

1 cF; pS; R; vgIbM; r 3 

4 cF; R; bM; near S* 4 

4 B; vL; vmEl52®*l; vsvmbM 7 

1 vF; pL; E; vgbM 2 

1 pB; vS; vsbM «12 2 

1 eF 1 

4 pB; S; R; vambM* 5 

1 pF; pin E; VgbM 2 

1 pF:pS;lE:gbM 3 

2 vF; S 2 

* ’ 

1 F; viiiE 1 

2 vB; S; H; psmbM 3 

2 vF; cL; iR; VgbM 4 

[1 j pB; pS; R; *12 f; 111 0 

1 vF;pL;R;gbM 2 

1 F: pS 1 

1 pF; pS; R; vgbM 2 

2 B; L; E 90®+ ; g, sbM; r ... 3 

1 cF;vS;R 2 

1 cB; cL; iE; biN 3 

3 B; pS; E; abM *11 4 

3 vB; vL; vmE 17®+ ; abMN 6 

5 pF; L; mE 45®*0; $ n, p of 2 6 

1 vF;vS 1 

4 pF; pL; pm E; VgIbM 4 

1 pB; S; R; pabM 1 

1 cB; pL; pmE 134®*4: pabSf.. 3 

1 pF;pL;R;r(?R.A.10“)... 3 

2 pB; pS; IE; gb, »of M; r ... 4 

1 r I 

1 F;eS; R; *170®,60* 1 

1 F;S;lE;fof2 1 

2 - F; vS; vlE;p8bM;»pof2... 4 

1 vJf;L;R:gb.M 1 

2 cF; vS; IE; pabM; nfof 2... 4 

1 CI;F;pL;lF;atl3...15 .. 

2 pB; pL; pmE; IM; por£ .. 

1 pB;L;H;gbM I 1 


ptltL; HtgbM 

pF; R; vibMSN 


S pB; pL; IE; vgbM; r 5 
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Beferenoes to 


Cata- Sir J. H/s Sir W. II/s 
logue. Catalogues Classes 
of Nebulao. and Nos. 


h. ir. 

2826 1163 V. 61 
2826 1164 III. 861 



North Polar 
Distance 
for 

1800, Jan. 0. 


Annual 

Procession No. 
in of 

N.P.D. Obs. 
for used. 

1880. 


Summary Description from a 
Comparison of all the 
ObsorTutions, Remarks, Ac. 


III. 719 t ; 12 10 13-6 

III. 720 12 10 13<6 


III. 480 


III. 726 12 10 20-6 


V. 41 


12 10 27-9 


I. 74 12 10 32-6 

III. 91 12 10 43-7 

11.742 12 10 48-8 

1.264 12 10 67-2 

I. 89 12 11 3-6 


111.709 12 11 30-9 3-029 1:: 69 23 0-9 

M.99 12 11 41-8 3-0.'>2 3 74 48 7*6 


II. 846 


V. 43 
II. 139 
II. 138 


II. no 

III. 636 
II. 140 
11. 166 


1189 
U88,a 
1191 

1190 
1193 
1196 


III. 299 
I. 76 
11 . 668 ? 
II 804 
II. 376 
I. 90 

II. 322 
II. 671?? 

II. 673 

II. 669? 
II. 323 

II. 377 

III. 798 
111. 300 
11 . 670 ? 


12 11 66-0 

D’ Arrest, 88 12 12 1 

12 12 1-7 

12 12 4-6 

12 12 12-9 

12 12 13-0 

12 12 22-0 

12 12 26-0 

12 12 26-3 

12 12 38-0 

D’Arrcst, 89 12 12 41 

12 12 41 

12 12 46-0 

12 12 47-4 

12 12 48-2 

12 12 48-,f 

12 12 49-1 


R. nova? 


12 10 4-1 +2-894 1 19 48 0-9 +20*03 1 vF; eL; mE 160°+ ; vgbM.. 3 

12 10 6-7 2-939 1 25 48 66-9 20-03 1 vF; pS; ill; vglbM 2 

12 10 13-6 2-999 1 41 44 31-9 20-03 1 vF; vS; ti of 1) neb 1 

12 10 13-6 2-999 1 41 45 31-9 20-03 1 vF; vS; s of 1) neb 1 

12 10 17-6 3-063 2 82 32 50-9 20-03 2 vF; L; vgbM; *7 s 3 

12 10 20-5 3-003 2 43 35 49*9 • 20-03 2 vF; cL; ill; vgbM; r 4 

12 10 27-9 3-019 2 51 24 .39 9 20-03 2 pB; vL; eE 43®-2; vgbM ... 3 

12 10 32-5 .3-033 3 59 36 64-9 20-03 3 cB; pL; vlE; smbM; r 5 

12 10 43-7 3 063 1 82 6 1*9 20-03 1 cF 1 

12 10 48-8 2-995 2 41 49 7*9 20-03 2 vF; S; piiiE; psbM 4 

12 10 67-2 2-864 f 1 18 25 17-9 20-03 1 pB;S;Il;pgbM 2 

12 11 3-6 3-034 2* 6l 2 42-9 20-03 3 vB; S; E; vsvmbMN; 4 

*6-7 f 90*. 

12 11 30-9 3-029 1:: 59 23 0-9 20-03 l;:vF;vS;R 2 

12 11 41-8 3-0.62 3 74 48 7'6 20-02 4 -* S-branchert spiral } ^ 

12 1156-0 2-898 1 23 19 23-6 20-02 1 pB; L; cE .38°-2; bMBN ... 2 

12 12 1 3-06 [1] 83 29 42 20-02 [1] vF pS;ll;*18 8 2' 0 

12 12 1-7 2-988 3 41 65 40-6 20-02 4 vB; vL; vmE 0°; sbMBN ... Of 

12 12 4-6 3-063 1 83 23 51-6 20-02 1 F;pS;R;gbM 4 

12 12 12-9 3-063 2 83 9 22-6 20-02 ^2 pB;E;psbM.. 6 

12 12 1.3-0 3-064 1 83 53 0-6 20-02 1 neb; “1st of 5” 1 

12 12 22-0 .3-051 1 74 20 51-6 20-02 B; S; R; r 3 

12 12 26-0 3-090 1 101 28 31-6 20-02 1 vF;pL;iF 1* 

12 12 26-3 3-063 1 83 22.30-6 20-02 1 F;pS;R;gbM 4 

12 12 38-0 .3-053 2 76 26 0-6 20-02 2 pB; vS; U; vsmbM 3 

12 12 41 3-06 [2] 8.3 12 42 20-02 [2] pF; S; R; *9 f 1**7, n 85"... 0* 

12 12 41 83 46 42 See No. 5070 0 

12 12 45-0 3-024 1 68 52 49-6 20-02 1 cF;S;iR;gmbM 3 

12 12 47-4 3-026 1 59 36 1.6-6 20-02 1 vB; vL; E 90°+ ; inbMN ... 3 

12 12 48-2 3-064 1 8.3 63 1-6 20-02 1 B;L;E;gbM 1 

12 12 48-,lf 2-946 1 .32 29 1-6 20-02 1 pB; pL; iF 1 

12 12 49-1 3-029 1 61 36 0-6 20-02 2 F; S; vIE; gbM; * 15 nr ... 3 

12 13 3-4 3-025 2 69 56 2.6 6 20-02 2 vB; pL; R; mbM; r; p of 2 5* 


1 23 

[1] 83 

3 4) 

1 8.3 

2 8.3 

1 83 

1 74 

1 101 

1 83 

2 76 

[2] 8.3 

... 83 

1 68 
1 59 

1 8.3 

1 .32 

1 61 


12 13 8-7 3-062 1 82 61 1-6 


12 13 12-5 3*063 1 83 50 34-6 


20*02 1 4 neb sc about. Place of the 1 * 

last (see note). 



III. 726 
11.571? 
II. 806 
V. 6 
1.275 


II. 61 

III. 92 
III. 93 
11.111 
II. 62 
11.572 
11.112 


12 1.3 18-6 
12 13 23-0 
12 13 25-7 
12 13 35-7 
12 13 35-9 
12 13 38-6 
12 13 41-0 
12 13 46-0 
12 13 48-1 
12 14 4-2 
12 14 4-8 
12 14 6-1 
12 14 6*1 
12 14 8-4 
12 14 23-6 
12 14 23-6 
12 14 24*9 
12 14 32-7 
12 14 33-1 
12 14 88-2 


3-024 2 

3-025 1 

2- 933 1 

3- 02.3 2 

3-063 1 : 

3-024 ... 

2- 980 3 

3- 063 1 

2-930 1 

3*042 2 

2- 726 3 

3- 063 2 

3-064 1 

3-053 \ 

3-061 2 

3-061 2 

3-048 2 

8-053 2 

3-063 1 

+.3-047 2 


59 54 20-6 

60 0 39-6 
31 6 1-6 
59 51 31-3 
83 64 0-6 
59 51 20-6 
42 56 17-3 
83 52 34-3 
31 7 37-3 
70 SO 17*3 
1351 7*3 

83 49 57*3 

84 38 4-3 
77 42 56*3 
82 34 1-3 

82 34 1-3 
74 86 52-3 
77 48 1-8 

83 50 23*3 
74 36 53-3 


20-02 
20-02 
20 02 
20-01 
20-02 
20-02 
20-01 
20-01 
20*01 
20-01 
20-01 
20-01 
20-01 
20*01 
20-01 
20-01 
20-01 
20-01 
20-01 
+20-01 


1 vB; vL; R; pgbM; “3 more 3* 

seen.” 

2 B;S;R;bM;8ndof3 4 

1 

1 cF; IE; p of 2./. 1 

2 vF 2 

l::vF;S 

... Most probably =11. III. 300 0? 

3 vF; pS; R; VgbM; r 5 

1 vB; R; central of 4 1 

1 pB; L; R; gmbM 2 

2 F;vL;E:lbM;r 3 

4 pB;vS;R;lbM;3stf 6 

2 B;pL;lE;bM;4thof4. 3* 
2 F;S;R; VglbM; B*340°, 60" 2t 
4 F;L:njE135°±;bi-N;pof2 6 

2 vF;vS 2 

2 eF; eS 2 

2 F; L; E 0°+ ; vgbM, p of 2 4 

2 F; L; IE; VgbM; f of 2 4 

1 F; IE; VgbM 2 

2 L; vmE 0°± ; f of 2 4 


MDCCCLXIY. 
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SIB J. F. W. HERSCHEL’S CATALOGUE 


No. 

of 

Cata- 

logue. 

References to 

Right 

Ascension 

for 

18 C 0 , Jan. 0 . 

Annual 

Frooession 

- ^ 
Right 

Ascension 
for 1880 . 

Sir J. H.'s 
Catalogues 
of Nobulw. 

SirW.H.»s 
Classes 
and Nos. 

Other 

Authorities. 


}i. 

H. 


h m 8 

8 

2878 

1202 

1.139 

M.61 

12 14 45*1 

+ 3-064 

2879 

3387 



12 14 51*8 

3-132 

2880 

1203 



112 14 56*7 

3-050 

2881 

1204 

ij. 76 


|l2 15 23-5 

3-016 

2882 

1205 

11. 378 


|l2 15 24-5 

3-017 

2883 

1206 



12 15 24-5 

3-017 

2884 

1202, u 


R. nova? 

jl2 15 30 

3-06 

2885 

1207 

li. 63 


|12 15 30-2 

3-051 

2886 

1209 

11. 628 


!12 15 31-6 

3-044 

2887 


11. 324 


'12 15 34-9 

3*011 

2888 

1210 

1. 276 


[12 15 36*3 

2-686 

2889 

1208 



!l2 15 37*4 

3-057 

2890 

1211 


M.1Q0 

12 15 50*6 

3-043 

2891 

1212 

II. 85 


12 16 1*2 

3-041 

2892 



D’Arrest, 90 

12 16 2 

3-06 

2893 

1213 

II. 141 

!12 16 2-0 

3-060 

2894 


II. 84 


12 16 4*6 

3*043* 

2893 

1216 

II. 847 


12 16 6-6 

2*843 

2896 

1214 



12 16 8*6 

3-093 

2897 

1217 

II. 806 

• 

12 16 8‘9 

2-905 

2898 

1220 

III. 942 


12 16 11-2 

2-637 

2899 

1215 

11.142 


12 16 12-5 

3-060 

29OOI 

1218 



12 16 16‘0 

3*058 

2901 

1219 

11. 406 


12 16 21-1 

3-035 

2002 

3388 



12 16 23’3 

3*231 

2903; 

1221 

II. 86 


12 16 23'7 

3-040 

2904 

1222 

11.143 


12 16 26-6 

3-059 

2905 


III. 95 


12 16 29-8 

3-058 

2906 

j 

III. 96 


12 16 29*8 

3-058 

2907 

1223 1 

III. 94 

* 

12 16 ,30*1 

3-060 

2908 

1224 j 

111. 31 


12 16 32*7 

3-038 

2909 

1200, « 


K. nova 

12 16 34-7 

3-053 

2910 

1225 ! 

1.210 

j 

12 16 34*8 

2-960 

2911 

1226 

11.625 


12 16 4.3-1 

3-077 

2912 

3389 1 


292 

12 16 49-2 

3-262 

2913 


111.481 


12 17 .3-3 

3-055 

2914 

1230 

III. 799 



12 17 9-0 

2-896 

2915 

1228 

1. 123 



12 17 9-3 

3-061 

2916 

1229 

111.648 

12 17 10*3 

.3-006 

2917 

1231 

1. 65 


12 17 16-6 

3-107 

2918 

1233 

111. 800 


12 17 17-0 

2-895 

2919 


III. 938 


12 17 17-6 

2-659 

2920 


III. 801 


\2 17 18*5 

2*894 

2921 

1232 

I. 30 


12 17 21*3 

3-057 

2922 


IlL 97 


12 17 23*3 

3-057 

2923 


III. 38 

• 

12 17 35*0 

3-050 

2924 

1234 

1.166 


12 17 40-3 

2-981 

2925 

1235 

I. 22 


12 17 46*8 

.3*048 

2926 

1236 

11. 144 


12 17 46-2 

3-057 

2927 

3390 


A. 67 ?? 

12 17 50*1 

3*412 

2928 

3391 



12 17 66*9 

3-162 

2929 

1227 

II. 64 


12 17 56*9 

3-050 

2930 

1237 

1 

M.84 

12 17 57*6 

3-045 

2931 

1238 

11.379 


12 17 59*0 

2-994 

2932 






2933 






2934 

>1237,0 


R. 9 Bovaa 

12 18 ± 

+3*045 

2935 






*936j 

J 






No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

No. 

of 

Obs. 

used. 

Summary Description from a 
Comparison of all tlie 
Observations, Remarks, Ao. 

Total 
Naof 
tirnea 
of Obs. 
by h. 
andH. 

2 

0 / •• 

84 44 55-3 

+20-01 

2 

vB; vL; vsbM*; biN 

5*t 

1 

122 41 54*3 

20-01 

1 

vF; vL; R; vgvlbM; r 

1 

1 

76 29 35-3 

20-01 

1 

vF; R ...t 

1 

1 

59 19 46-0 

20*00 

1 

cB;L;El50®+;8bM; #np 

3 

1:: 

60 0 34-0 

20-00 

2 

B; cL; IE; np of 2 

3 

1 

60 1 8-0 

20-00 

1 

F;sfof2 

1 

84 35 40 

20-00 


F; E; 10' nf h. 1202 

Of* 

2 

77 26 25-0 

20-00 

2 

vF:L:El35°+;r 

4 

(1) 

73 40 57-0 

20-00 

1 

pB; cL; E; gbM 

2 

1 

58 1 1 0-0 

20-00 

1 

i*'; S 

1 

3 

13 63 59*0 

20-00 

3 

pB; pS; vlE; vbM 

5 

1* 

81 1 20-0 

20-00 

1 

cF; «8 n 5' 

f(H,h)pF;vL;U; 1 

1 

3 

73 23 54*0 

20-00 

4 

1 1 ;< vg, pIbM rN > 

(_ (L)2>brariche(l spiral J 

5 

1 

72 30 5-0 

20-00 

1 

pB; S; R; psbM 


[4] 

83 58 42 ^ 

19-99 

[4] 

pB; R or IE; bM 

0* 

1 

83 8 51*0 

20-00 

1 

vF;S:Il;bM:lst of 3 

2 

1 

73 25 0-0 

20*00 

1 

F;S;R;r 

1 

1 

23 22 4.3-0 

20-00 

1 

pF; S; vlE; vgbM 

2 

1 

101 45 29-0 

20-00 

1 

vF;vS;R;bMN 

1 

2 

30 47 2-0 

20-00 

0 

M 

pB; S; E; gbM 

3 

1 

13 3 7*0 

20-00 

1 

eF;E0°+ 

2 

1 

83 11 1*0 

20*00 

1 

F; pS; R; bM; 2nd of 3 

2 

1 

81 45 7'0 

20-00 

1 

pF; S; R; #v nr 

1 

2 

69 48 9*0 

20-00 

2 

vF; pL;iR;biN? 

4 

1 

147 20 .30*0 

20-00 

1 

Cl;pRi;lC;8tl2...14 

*1 

1 

72 31 5-0 

20-00 

1 

cB; vS; mE; vsbM 

2 

.3 

83 8 10-0 

20-00 

3 

B; pL; R; bM; 3rd of 3 

4 

2 

82 14 31*0 

20-00 

2 

eF;vS;R 

2 

2 

82 14 31-0 

20-00 

2 

eF;vS;R 

2 

1 

82 16 59-(f 

20-00 

1 

pF;S;E;?D 

3 

1 

71 41 1*0 

20-00 

1 

vF; pS; R; vglbM; A28t ... 

2 

.. 

77 43 1-3 

20*00 


vF ; vmE 

0 

5 

42 14 8-0 

20-00 

6 

vF ; S ; Ml E 1 00° + ; vsmbM BN 

8t 

1 

92 40 18-0 

20-00 

1 

F;pL;E70°+;vlbM 

4 

3 

151 7 ll'O 

20-00 

3 

Cl;vB;vL;lC;8tl2...14... 

3 

1 

80 42 0-7 

19*99 

1 

vF 

1 

1 

30 50 31*7 

19-99 

1 

cF;cS;lE(?18" R.A.) 

B;S;*8*9 8f3' 

2 

1 

84 17 31-7 

19*99 

1 

3 

1 

67 42 34-7 

19*99 

1 

cF; pmE 90°; vlbM 

2 

1 

108 0 3*7 

19*99 

) 

vB; L; R; vambMn; r 

2 

1 

30 51 31-7 

19-99 

1 

vF; cS; R; r 

2 

1 

14 17 0-7 

19*99 

1 

eF; pL; iF 

1 

1 

30 48 59*7 

19*99 

1 

cF;cS;R 

1 

2 

81 54 17*7 

19-99 

3 

cB; pL; vlE; gi, smbM 

5 

1 

81 50 0*7 

19*99 

... 

eF 

2 

1 

78 37 59*7 

19*99 

1 

vF;vS 

I 

2 

49 51 4*7 

19*99 

2 

cB; S; R; mbMN; r 

4 

3 

77 .31 34-7 

19*99 

3 

B; pS; R; gbM 

6 

2 

81 46 52*7 

19-99 

2 

pF; pS; IE; bM 

8 

1 

161 63 19*7 

19-99 

1 

0;pF;L;R:8tl2...l6 ... 

2 

1 

128 58 12*7 

19-99 

1 

pB; S; R; pgvrabM 

1 

1 

77 59 51*7 

19*99 

2 

cF; cS; IE 

8 

1 

76 20 8*7 

19*99 

1 

vB; pL; R; psbM; r 

» 

2 

60 40 3*7 

19*99 

2 

F; S;R;bM;*nf90* 

8 

• •• 

76 20 ± 

+ 19*99 


“Twelve knot! exam.” (tee 
b. 1237, 1244, 1250). 

0 







OF NEBTJLiE AND CLU8TEBS OF STABS. 
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2941 

2942 

2943 

2944 

2945 

2946 

2947 

2948 

2949 

2950 

2951 
2962 

2953 

2954 

2955 

2956 

2957 

2958 
2969 1 

2960 / 

2961 

2962 

2963 

2964 

2965 


1237, fl 



11.630 

1239 

L 12 

1240 

IL 87?? 

1241 



II. 743 

1242 


1243 

III. 879 

1247 

1. 277 

1244 


1245 

11.749 


11. 87 

1248 

III. 852 

1249 

III. 729 

1246 

III. 361 

1250 

11. 167 

1250 

11. 168 

1251 

11. 55 

1252 

V. 29*1 

1252,0 


1253 


1252 

V.29*2 


R. 9 novee 
(continued) 


III. 755 
III. 756 


R. 2 novffi 
M. 86 


Auw. N. 30 


12 18 ± 

12 18 2*6 
12 18 7*3 
12 18 13*0 
12 18 17*0 
12 18 19*0 

12 18 19*5 
12 18 22*3 
12 18 36*7 
12 18 41*2 
12 18 41*2 
12 18 43*3 
12 18 44*3 
12 18 48*4 
12 18 48*5 
12 18 51*3 
12 18 51*3 
12 18 52*0 
12 18 52*0 

12 18 + 


2966 1254 

2967 

2968 1256 

2969 1256 

2970 

1267 
29721 1258 


1262 
29781 1263 


1265 
1264 

2982 1266 

2983 1267 


•I. 88 12 19 3*4 

III. 39 12 19 5*0 

12 19 11*1 

12 19 14*6 

DI. 17 12 19 17*0 

n. 34 12 19 26*2 

I* 77 12 19 29*4 

111-482 12 19 30*1 

II. 169 12 19 32*4 

12 19 37*2 

III. 492 12 19 44*6 

11.113 121949*3 

II. 23 12 19 50*7 

II* 165 12 19 56*1 

III. M4 12 19 69*7 

II* 89 12 19 59*8 

II* 145 12 20 1*6 

11*170 12 20 5*0 


Annual 

Precession No. North Polar 
in of Distance' 

Bight Obs. for 

Ascension used. 1860, Jan. 0. 
for 1880. 


Annual 

Precession No. 
in of 
N.P.D. Obs. 
for used. 

1880. 


Summary Description from a 
Comparison of all the 
Obserrations, Bemarks, &c. 
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SIR J. F. W. HERSCHEL’S CATALOGUE 


No. 

of 

Cata- 

logue. 

Eeferenoea to 

Right 

Ascension 

for 

1860, Jan. 0. 

Annual 

Precession 

in 

Right 
Ascension 
for 1880. 

No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

18tl0, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

No 

of 

Obs 

usee 

Sir J. H.*8 
Catalogues 
of Nebula*. 

SirW.H.’s 
Classee 
and Nos. 

Other 

Authorities. 


h. 

H. 


h in 8 

8 


o 1 n 

ii 


2996 

1277 



12 20 39*3 

+ 3-070 

1 

89 6 41*1 

+ 19-97 

1 

2997 

3392 


A. 300 ? 

12 20 45*1 

.3-287 

1 

149 19 6*8 

19-96 

1 

299« 


li. 848 


12 20 48-0 

2-795 

1 

24 25 19*8 

19-96 

1 

2999 

1279 

II. 156 


12 20 58-0 

3*048 

1 

79 24 53-8 

19-96 

1 

3000 

3393 



12 21 7-.*) 

:m91 

1 

132 29 6-8 

19-96 

1 

3001 

1280 

I. 91 


12 21 160 

2-999 

3 

60 36 32*8 

19-96 

4 

3002 

1281 

1.213 


12 21 17-5 

2*944 

4 

45 8 8-8 

19*96 

4 



ril. 56 

1 







3003 

m2 

\ = 

y 

12 21 24-9 

3-o:io 

6 

72 8 33*8 

19*96 

7 



In. 90 

J 



i 

i 



3004 

1283 

11 . 26 


12 21 39-0 

3-055 

1 

i 82 42 49*8 

19*96 

1 

3005 

1284 

11.180 

\2 21 40-^ 

3-075 

: 1 

; 91 10 10*8 

19-96 

1 

3006 

1285 

11. 355 

jl2 21 41*6 

3014 

! 2 

66 24 25*8 

19-96 

2 

3007 

3394 


; !12 21 43-2 

3-147 

1 

119 19 41*8 

19-96 

1 

3008 

I. 23 


jl2 21 49-1 

3*04.3 

: 2 

77 32 29-8 

19-96 

2 

3009 

1286 

II. 35 


|l2 21 50-2 

3-063 

3 

85 39 10-8 

19-96 

,3 

3010 

1287 

11.121 


|12 21 51*6 

3*039 

1 

75 59 6-8 

19*96 

1 



r 1.212 

1 



j 

i 

1 • 


3011 

1289 

j = 

} 

|12 21 52‘8 

2-936 

1 1 

1 44 20 29*8 

19-96 

1 



Lll. 750 

J 



1 

i 

j 

( 

1 


3012 

1288 

1.161 


12 21 54*1 

3-037 

j 2 

1 75 14 55-5 

19*95 

2 



ril.122 

I 







3013 

1290 

= 

^ 

12 21 57-1 

3-039 

1 

76 1 41-5 

19*95 

2 



In. 174 

J 1 



* 



3014 

3396 

in. 764 

12 22 2-0 

3-128 

2 

1 112 23 40-5 

19*95 

2 

3015 

.3395 


I 12 22 3-2 

,3*350 

1 

154 1 1-5 

19*95 

1 

3016 

1291 


12 22 4.3 

2-778 

1 

j 24 25 41-5 

19-95 

1 

3017 

n. 630 


12 22 15 1 

3-037 

i 1 

! 75 iS 58*5 

19*95 

1 

3018 

1292 

in. 483 



12 22 15-4 

3-051 

! 1 

81, 4 3*5 

19*95 

1 

3019 


II. 157 

- 

12 22 25‘8 

3-049 

1 ; 

; 80 23 58*5 

19*95 

1 


rii. 18 

T 




1 



3020 

1293 

•s = 

> 

12 22 30*4 

3*049 

2 

81 24 5*5 

19*95 

2 



Cl. 498 

J 







3021 

1294 


M. 49 

12 22 39*3 

3-051 

4 

81 13 44*5 

19*95 

0 

3022 

1 









3023 

M294,« 


K. 3 novee 

12 22 + 

.3-051 

... 

81 13 + 

19*95 

• • • 

3024 

J 




i 





3025 


11. 115 


12 22 4s3-3 

3-016 1 

2 

75 36 0*5 

19*96 

2 



rn .117 

1 


i 





3026 

1295 

< = 

y 

12 22 48-2 

3-036 i 

1 

75 9 20*5 

19*95 

1 



\ 11.629 

/ 







3027 

1297 

rn.362 


12 22 48*7 

2-998 

1 

6l 58 28*5 

19*95 

2 

3028 

1296 

11. 123 


12 22 51-8 

.3*040 

2 

76 54 3*6 

19*95 

2 

3029 


11. 116 


12 22 58*9 

30.37 

2 

75 39 0*6 

19*95 

2 

3030 


11.114 


12 23 1*6 

3-037 

2 

75 48 33*5 

19*95 

2 

3031 

1298 

11. 124 


12 2.3 IM 

3-040 

4 

76 64 41*2 

19*94 

5 

3032 

1299 

II. 531 


12 23 17'7 

.3*060 

1 

84 58 43*2 

19*94 

1 

3033 


111. 40 


12 23 33<4 

3*043 

3 

78 28 58*2 

19*94 

3 

3034 

1300 



12 23 .37-1 

3*100 

1 

1 100 51 52*2 

19*94 

1 

3035 

1301 


M. 87 

12 23 44*0 

3*039 

4 

76 50 39*2 

19*94 

4 

3036 


n .776 


42 23 44*2 

3*091 

1 

97 18 28*2 

19*94 

1 

3037 

1302 

in. 484 


12 23 44'6 

3*049 

1 

80 51 38*2 

19*94 

1 

3038 

1303 

ii. 91 


12 23 48*1 

3*027 

3 

72 27 55*2 

19*94 

3 

3039 

1304 

in. 41 


12 23 50*0 

3*041 

1 

77 46 3*2 

19*94 

1 

3040 

1305 

n. 499 


12 23 53*2 

3*050 

1 

81 9 14*2 

19*94 

1 

3041 

1306 

1.197 


12 24 17*8 

2*938 

1 

47 36 37*9 

19*93 

1 

3042 

1308 

1.198 


12 24 23*6 

2*938 

1 

47 89 25*9 

19*93 

1 

3043 

1307 

1. 83 


12 24 24*3 

2*998 

1 

63 26 55*9 

19*98 

1 

3«44 

1810 

111.301 


12 24 26*4 

+2*987 

1 

60 5 7*9 

+ 19*93 

2 


Summaty Description from a 
Ck>mpariBon of all the 
Observations, Bemarks, &o. 


Total 
No. of 
times 
lofObs. 
by h. 
landH. 


Fj eE 76®; *10nf; place... 
that of «). 

Cl; S;8tll...l2 

F;S; iR;bM 

yb; pL; R; srabM 

eF; L; R; vgbM 

B;L; E90°;8bM 

vB; cL; mE 15°; rrr; *9,6' 

B;L; U;gvmbM«; r;B«nr] 


F;pS; bM;r 

F; L; R; gbM; er 

F; L; E; gbM; 2B8tnf. 

jeeF; vS; * 13 att 

pB; S; vmE 

cB; pS; R; smbMN .... 
pB;S;R;bM;pof2 . 


Four found ” (one beingj 
h. 1294). 

vB; cL 


B; pL; E 46°+ ; psbM 

pB; pL; iR; bM; r; * 8 sf 2' 
pF;S;R;bM;fof2 


pB; pS; E 130°; vbM 

Cl; P; vie 

pB;R;gbM 

cL 

F; vS; R; pgb.M 

pF; pL; mE; bMgir . 


F;pL;iR;bM ., 


mbM. 


pF;R;r 


eF; pL; R 

F;S;R;bM;l*tof3 .... 

pBjpL 

vF;r 

pB; S; R; psbM; 2nd of 3. 

pF; pS; £; bs 

[eF; pL 

pF; S; R; gbM 

vB; vL; R; inbM 

F; vL; er 

vF;vS;lE 

pF; cS; R; gbM... 

F; L; R 

F; pL; vglbM; 28tnr sees. 

;pS;iR;pof2 

vB; vL; mE 130°; rr 

vB; pL; R; vembMN 

pF:cS:R{paIbM 


1 

2 

2 * 

1 

6 

5 

10 * 

2 

5 

3 

1 

2 * 

5 

2 

4* 


4* 

3 

1 

1 

1 

2 

1 


6 * 

0 

2 

3* 

5 

3 

2 * 

2 

7 

3 
1 
1 

7 
1 
2 

4 
2 
2 

2t 

2 + 

2 * 

8 


I 



OF nebulj: and clustebs of stabs. 


Beferenoes to 

No. 

of 

Catft- H/s Sir W. H.*b Other 
logue. CatotocB Cla^ Authoritm 
i of Nebulflc. and Nos. 


Annual Annual 

Right Preoession No, Nortii Polar Precession No. 

Asoenuion in of Distance in of 

for Right Obs. for N.P.D, Obs. 

1860, Jan. 0. Ascension used. 1860, Jan. 0. for used 

for 1880. 1880. 


Annual Total 

recession No. „ No. of 

^ bummary Description from a 

N.P.D, Ob*. Comparison of aU tlie ,,fobi. 
for used. Oowrvations, Bemarks, Ac. i,y j,_ 

1880. andH. 


;3045 1309 II. 36 
'3046 III. 42 


III. 69 

1313 II. 66 

1314 II. 92 

3:t98 II. 771 

1315 III. 18 

1316 11.631 
3399 

1317 

1318 

1196.« 


11.118 


12 24 29*8 

12 24 33*4 

12 24 40-2 

12 24 41’5 

M.88 12 24 54*5 

jl2 24 + 

I 

|l2 24 57-5 

112 24 58*5 

12 24 .59*4 

12 25 4*1 

12 25 6-8 

12 25 6*8 

• 12 25 9*9 

12 25 9-9 

il2 25 14*6 

U. nova il2 25 .30 


319 III. 834 

321 

320 111. 302 

322 

323 III. 78 
IV. 5 


II. 93 
U. 158 
11.849 
11.757 


11.325 
I. 31 

I. 38 
H. 37 

II. 67 

III. 26 


8 Canuin 


+ 3*060 3 85 17 47*9 +19*93 

3*040 1 77 37 57*9 19*93 

3*195 2 129 12 18*9 19*93 

2*827 1 31 16 14*9 19*93 

3*031 3 74 48 26*9 19*93 

3*031 ... 74 48 - 19*93 


Il2 2.5*33*9 
12 25 45-5 

12 25 50*1 

13 26 3 1 
12 26 3*1 
12 26 3*3 

12 26 4*0 
12 26 20*2 
12 26 23*0 
12 26 24*2 
12 26 26*9 
12 26 32*9 
12 26 38*0 
12 26 53*3 


II. 500 
11.175 
11.147 
11.410 
II. 94 

II,"il9 
V. 2 


12 27 0*4 
12 27 2*1 
12 27 2*2 
12 27 7*7 
12 27 8*5 
12 27 10*6 
12 27 11*7 
12 27 13*1 


346 II. 850 

342 III. 493 

344 III. 802 


12 27 19-6 
12 27 32*8 
12 28 6*8 
12 28 12*2 
12 28 13*8 
12 28 15*1 
12 28 15*7 


339 1.160 12 28 17*8 


345 II. 120 

347 III. 807 

343 I. 36 

349 I. 37 


3*024 1 72 

3*040 2 78 

3*025 1 72 

3*090 1 96 

3*060 1::[ 85 

3*034 1 I 75 

3*197 2 [ 129 

:i*055 1 ! 83 

2*974 1 67 

3*058 rf?i 84 


25 57*9 
3 15*9 
32 23*9 

46 40*6 : 
14 53-6 I 
48 23*6’ I 

8 6*6 I 
24 1*6 I 
7 59*6 ! 

47 


3*024 1 

3*046 3 

2*732 1 

3*091 2 

2*741 1 

3*044 1 

3*104 1 

2*975 1:; 


32 45 54*6 
25 29 50*6 
59 30 52*6 
81 22 31*6 
74-38 42*6 
89 8 56*6 

72 56 23*6 
80 33 .36*3 
25 12 55*5 
96 36 57*3 
25 37 18*3 
80 2 47*3 
101 14 26*3 
58 57 57*3 


12 26 56*3 3*048 3 81 31 57*3 


3*063 2 

3*037 3 

3*009 1 

2*925 4 

3*047 I 
3*032 2 

3*051 1 

2*952 2 


86 34 26*3 
77 54 62*3 
68 41 56*3 
47 52 34*0 

81 1 56*0 

76 9 20*0 

82 46 13*0 
53 42 9-0 


12 27 14*9 3*024 2 73 40 25*0 


3*064 1 

3*015 1 

2*860 1 
3*052 I 
2*721 1 
3*071 1 

2*783 2 


12 28 22*7 3*026 

IS 28 23*5 2*781 

18 28 24*2 3*038 

IS 88 88*S +S*083i 


87 2 47*0 
71 1 23*0 
38 25 19*7 
83 6 37*7 
25 42 2*7 
89 28 3*7 
30 19 81*7 


74 43 45*7 
SO 17 43*7 
77 0 46*7 
76 58 S8*7 


3 F; cL; biN or D neb 6 

1 vF 1 

2 vF; L; tt; vglbM 2 

1 B; cS; E; pgbM; ♦9f30’'.. 3 

3 B; vL; voiE; p of D neb 1 

... F; S; f of 1) neb (not ob^ >8 

by h.). J 

1 vF; vS 1 

2 pB;S;R;gbM 3 

1 vF; S 2 

1 pB; cL; iE; gvlbM; er 3 

1 vF;cL;r;fof2 2 

1 cF; pmE90°+ ; gbM; *9f8* 2 

2 pB; S; R; p*mbM*l6 2 

1 vS;R;sbM*13 1 

1 vF:S;R;lbM 1 

? ? ? Query R. A.; vF; 1 0' a of scar- 0 
let *. 

1 pF; vS; iR; vgbM 2 

1 pB;S;H;psbM 1 

2 eF;vS;R;bM 3 

1 F;S;R;bM 1 

1 F;pS:R;r 3 

3 cB; vL; vinE95°+; B*ini 3 

cont. 

1 F; vS; bM* 2 

3 F;pL;R;bM;r 3 

1 pB;vS;lEjsbMSN 1 

2 vF; S; 2 vSstinv 2 

1 pB; S; ptnE; pgbMj *9 1 

1 eF;pL;lE;vlbM 1 

1 vF:iF;bM 1 

1 :: F; pL; iR; bM 3 

3 vB; vL; mEl20°+; psmbM; 5* 

L * f; • 9 p. 

2 pB; L; pmE60°+; nibM ... 4 

4 pF;cS;R;bM;*9f30' ... 5 

1 eF;L 2* 


19*89 
19*89 
19^89 
+ 19*89 


4 Nebulous « 4* 

1 vL; er 1 

2 F; pL; R; vgbM 3 

1 pB; pL; pmE; vgbM; r 2 

2 cF;L; IE; VglbM; r 4 

2 F;pS;bM;r 5 

1 B;vL;mE110°;sbM;er ... Sf 

1 pB; pinE 1 

1 eF; pL; R ^ 

1 pF;cS:R;bM I 

1 F; L; iR; VgbM; S*nf. 2 

1: eF;KS;R;gbM 3 

2 vF; pS; E; vgbM; •SfS'; 4 

pof2. 

4 vB; cL; pmE63®+; 6 

vsmbMN. 

3 B;L;lE;lbM 5 

2 eF;pS;E;fof2 3 

3 pB; S; vlE;spof2 4 

2 pB; S; R; bM; nfofS 8 
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SeferenoM to 


Right 

Annual 

Precession 

No. 

North Polar 

Annual 

Picoession 

No. 

Ascension 

in 

of 

Distance 

in 

of 

for 

Right 

Ascension 

Obs. 

for 

N.P.D. 

Obs. 

1860, Jan. 0. 

used. 

1860, Jan. 0. 

for 

used. 

for 1880. 



1880. 



76 40 32 
28 39 49 
62 42 18 


Sunimuj Dmoription from a 
Compariton of all the 
ObNerratioiis, Bemaflts, &o. 


1360 IIL880 


11.184 


1382 nil. 43 
83 


9)481 1384 I 11.148 



12 31 14^ 

D' Arrest, 91 

12 31 17 


12 .31 18*5 


12 31 45-7 


12 31 53-3 

M.68 

12 32 51 


12 32 6-7 


12 32 8*0 

1 

12 32 26'6 


12 32 44*2 


12 32 49*6 


12 32 50*8 


12 32 53*7 


12 .33 11*7 


12 33 13*9 


12 S3 14*1 


12 33 23*5 


12 33 26*5 


12 33 31*0 


12 33 42*8 


12 33 53*3 


12 34 10*3 

A. 272 

12 34 13*2 


12 34 16*3 


12 34 20*3 


12 34 23*9 


86 

6 

33*9 

130 

8 

67-9 

94 

21 

50*9 

130 

12 

2*6 

27 

86 

49*6 

77 

20 

9*6 

79 

8 

38*6 

152 

12 

8*6 

81 

24 

51*6 


61 36 10*8 


9*82 
9’8i 
9*82 
+ 19*81 


2 |F;S;R;2at8f 

eF; L; R; palbM; pof2 

F;L;E;vglbM 

F; L; R; vgbM; r 

B;L;vmEll8°*6;glbM .. 

3 v^; pS; E; 2or3vSstiD? . 
2 pB : pL ; R : pabM j r 

#12npU. 

Cl:pL:^;0Ei«itlO 

vB; vL (no doubt a comet) . 


3 |pB; 8; R; pumbM 
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Beferences to 


Orta- Sir J.H.’sSirW.H.’» 
logue. Catalogues Classes 
of Nebulie. and Nos. 


II. 744 
1.178 
1.179 


Other 

Authorities. 



Annual 

Precession No. 
in of 
N.P.D. Obs. 
for used. 

1880. 


Summary Description from a 
Comparison of all the 
Observations, Bemarks, &c. 




1387 

1388 
1386 
3409 

1389 

1390 

1391 
1.392 
1393') 


11.411 


11.659 

11.660 


12 34 44-6 -h3*247 1 129 54 10*3 

12 34 46-0 2-815 2 38 48 50-3 

12 34 48-0 2-886 4 48 4 47-3 

12 34 56-3 3-021 1 76 17 9-3 

12 34 56-5 2-922 3 54 9 54*3 

12 34 56-9 3-026 3 77 34 1-3 

12 35 3-9 3-249 


II. 772 12 36 10-4 . 3-095 


11.773 12 35 11-3 


II. 532 
V. 42 


3173 1403 


3183 3413 


3185 1413 




I 11.794 


1405 III. 44 



























SIB J. F. W. HERSCHEL’S CATALOGUE 


References to 


Cats- Sir J. H/s .SirW.H.’s Other 
logue. Catalogues Cla^ Authorities, 

of Nebula, and Nos 


H. 

III. 663 
III. 328 
11.774 


Annual Annual 

Hialit Pwcewon No. North Polar Prw^on No. Summary Description a ^ 

s'"’® . „ ;« of Distance irf Comparison of all the # 

BUht Obs. for N.P.D. Obs. obeorvaW Bemarks, Ac. “ 

1860, Jan. 0. Ascension i»8od. 1860, Jan. 0. ^ 

for 1880. 


111. 329 


III. 778 
11.326 


III. 523 


11.181 
III. 398 
II. 795 


III. 543 
II. 128 
111.664 
II. 182 
II. 381 
III. 906 
II. 796 
II. 72 


A. 510 ? 


if 1437] 
3229, < = I 
L3425J 
f 1438] 

3230 < = > 
1.3426J 

3231 

3232 

3233 1439 

3234 3427 

3235 

3236 

3237 3428 

3238 1440 

3239 1481, 

3240 1441 

3241 1442 

3242 1443 

3243 1444 
1446 

1446 

1448 
1475, 

1447 
1451 

1449 

1450 

3430 

3431 
1AS2 


i. O'J I • 

‘= ‘ iV 

II- 6lJ 


h in s 

12 38 15'2 
12 38 23-9 
12 38 32-4 
12 38 .36-0 
12 38 43*7 
12 38 47'3 
12 39 11*1 
12 39 17-7 
12 39 18-0 
12 39 36*0 
12 39 36-4 
12 39 45-5 
12 39 58-2 
12 40 2‘9 
12 40 6-3 
12 40 13-3 
12 40 16-6 
12 40 39*3 
12 40 4.3*4 
12 40 44*5 
12 40 48*3 
12 40 58*2 
12 41 2*8 
12 41 5*5 
12 41 9*5 
12 41 11*2 
12 41 12*2 
12 41 21*8 

12 41 28*1 


+ 3072 
2*952 
3*098 
3*273 
2*951 
3*104 
2*7.33 
2*928 
3*274 
3*263 
3*118 
3*291 
3*111 
3*279 
3*081 
2*984 
2*728 
2*897 
3*051 
3*010 
3*076 
3*081 
2*943 
2*332 
2*731 
3*021 
3*282 
3*094 


1 89 

3 62 

1 96 

1 130 

1 62 

1 97 

2 34 

1 58 

1 130 

1 128 
1 100 
1 1.32 

1 99 

1 130 

1 91 

3 69 

1 34 

1 53 

1 84 

3 75 

1 90 

1 92 

2 62 
1 I 18 
1 I 34 
6 78 

1 1.30 

2 95 


46 47*8 
6 37*8 

18 3*8 
56 55*5 
10 24*5 
52 44*5 
28 43*5 
30 6*2 
49 55*2 
48 5*2 
52 34*2 
34 50 2 
17 29*9 

47 24*9 
58 8*9 
46 52*9 
41 11*9 

52 53*6 

53 57*6 
28 34*6 
55 44*6 
3.3 48*6 

0 41*6 
3 44*6 
51 21*6 
14 47-6 
32 29*3 
2 2*3 


+ 19*76 
19*76 

19*76 

19*75 

19*75 

19*75 

19*75 

19*74 

19*74 

19*74 

19'74 

19*74 

19*73 

19*73 

19*73 

19*73 

19*73 

19*72 

19*72 

19*72 

19*72 

19*72 

19*72 

19*72 

19*72 

19*72 

19*71 

^19*71 


80.44 63*3 


1 vF; S; ^ 

4 pF;cS;R;bM;f;pof2... 

1 pF; S; II; psmbM 

1 cF;S;R;vgbM ‘ 

2 F;vS;R;8bM*10;fof2... 

1 vF;cS;R;glbM 

2 cF;S;lE 

1 vF;pmE;?biN 

1 eF;lE;vgbM 

1 eeF; pL; R 

1 leF; S; 1 or2 8tinv 

1 !pF;S;R;gbM 

1 |cF;L;E45P+;gvlbM 

4 eF;pS; R;vgbM ;S*8p ... 

1 :B; pL; pniE26° 

3 jF:S;R;8bM*;rr 

1 IpF; vS; vmE; vsmbM 

1 IvF; vS; R; psbM 

2 !eF;pL; *9*10pl0' 3 

3 pB; vL; E; vgIbM J r*«sfessss| 

1 vF; S 

1 lpB;pL;E90°+;tnbM 

3 |F;cb;R;bM 

1 vF; pL; E 

1 cF;pS;vlE;mbMN 

6 pF; S; vlE 

1 pB;L;R;gbM;r ............ 

2 vB;L;lE45°+;8mbMrN ., 

6 cB;pL;iR;bM;r 6* 


III. 524 

II. 578 
III. 514 
11.662 


12 41 46*4 3*107 2 97 54 3*3 19*71 2 vB;R;vinl>MrN;r 

12 41 49*6 3*119 2 100 38 16*3 19*71 ^2 F; L; inE40®; vlbM; B*p 


III. 815 
III. 722 


HI. 610 


A. 511 


R. nova 


II. 95 


II. 412 
1.140 
III. 536 


III. 424 


R. nova 


III. 611 
I. 84 
III. 280 
II. 298 


12 42 2*1 
l2 42 5*8 
12 42 8*9 
12 42 15*5 
12 42 19*7 
12 42 22*8 
12 42 26-61 
12 42 29*3 
12 42 35-9 
12 42 39*1 
12 42 39*4 
12 42 40*1 
12 42 61*5 
12 43 1*6 
12 43 19*9 
12 43 22*9 
12 43 26 
12 43 26*4 
12 43 32*0 
12 43 34*1 
12 43 37*6 
12 43 38*8 
12 43 38*8 
12 43 45*4 


3*054 

3*109 

2*842 

3*288 

2*753 

.3*118 

3*289 

3*092 

2*95 

3*000 

2*948 

2*888 

3*045 

•3*130 

3*093 

2*900 

2*92 

3*088 

2*945 

3*135 

3*135 

3*293 

3*293 

+8*098 


1 86 50 43*0 19*70 

2 98 21 44*0 19*70 

2 47 18 39*0 19*70 

1 130 31 49*0 19*70 

1 38 2 43 0 19'70 

1 100 20 43*7 19*69 

1 130 36 13*7 19*69 

1 94 26 6*7 19*69 

:: 63 45 13*4 19*69 

2 . 74 4 17*7 19*69 

1 63 46 43*7 19*69 

1 63 54 17*7 19*69 

4 83 65 22*7 19*69 

2 102 33 61*7 19*69 

1 94 30 56*4 19*68 

1 56 4 35*4 19*68 

; : 60 23 + 19^68 

1 93 23 9*4 19*68 

1 63 44 13*4 19*68 

1 103 34 27*1 19*67 

1 103 34 57*1 19*67 

1;: 130 19 50*1 19*67 

1;; 130 19 50*1 19*67 

1 95 88 6*1 +19*67 


1 F;S ^ 

2 eF;cS;pmE » 

2 cF;JS;R;gbM 3 

1 vF; vS; R; pabM ....' 1 

1 S; stellar 1 

2 eF;S 1 

1 pB;cS;R;gbM 1 

1 cF; pL; IE « 

. . E 

2 cB; pL; vinE 28®*5; sbMN .. 

1 vF; pL 

1 F ; S; E ; gIbM ; ci* 

4 • pB; L; vIE; gIbM 6 

2 F;pS;R;gbM 8 

1 eF;vS;betSst 1 

1 vF; stellar 8 

;; E;bMN « 

1 eF;S;bM * 

1 vB; vL; E; vg, vsvmbMeBN Sf 
1 F; vS; R;steUar; npof2 ... 

1 F;pL;R;lbM;sfor2 

1:: neb; 1st of 8 J 

1:: 2nd of 8 1 

1 vF,;^t;E « 
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Beferenoee to 


Annual 


Annual* 


a£&. ^ *.?• "sstiT "TT “""Hirar* 

...6» . Ob. ...te . Ob., obSS«yLS^^ 


Sir J. H,'s SirW. H.’( Oth«r 

Catalogues Clasiet Autborities. .Afoeniion used. 1860, Jan. 0. 

of Nebula, and Nos. for 1880. 


for usoA ObserratioM, Bemarks, &o. 
1880. 


h. H. 

II. 814 

38561 1453 II. 73 


1454 

1456 

1457 

1455 

1458 
3438 
3489 

38641 3433 
1460 


III. 496 
III. 515 
III. 721 
I. 133 



12 

43 

53*8 

12 

44 

3*4 

12 

44 

5*1 

12 

44 

17*2 

12 

44 

18*7 

12 

44 

20*7 

12 

44 

30*1 

12 

44 

30*5 

12 

44 

31*3 

12 

44 

37*2 

12 

44 

52*3 

12 

44 

54*5 

12 

44 

55*1 

12 

44 

55*5 


387 

327: . 

3873 1461 

3274 1462| 

3275 3435 ^ 

3876 1464 

3277 1465 

3278 1466 

3279 

3280 1467 

3281 3436 

3282 

3283 1468 

3284 

3285 1469 

3286 1471 

3287 1470 

3888 3437 

3889 

3290 3438 
3891 1472 

3292 

3293 •. 

3894 

3295 

3896 3439 

3897 

3298 1473 

3299 

3800 1475 
3301 

3802 1474 

3803 1477 
3304 1476 
3805 1478 

1806 1479 

1807 

1808 8440 

1310 / ^^^S*** 


IV. 78 


111. 82 
I. 16 


I. 25 1 

II. ”74 J ■ 


III. 281 
III. 70 

II. 75 

III. 489 
III. 544 


III. 585 
II. 535 
III<516 
II. 84 
III. 618 
II. 186 
*11. 559 
III. 517 

in?i'o6 

1.134 

1.135 

1.136 
111.526 


11. 187 
II. 345 
II. 560 

I. 93 

II. 538 
II. 21 

II. 388 

III. 548 
1.811 

111.816 

IV. 40 


1 12 45 15*0 

A. 301 12 45 22*2 

12 45 35*3 

12 45 46*1 

12 45 53*4 

|12 45 55-7 

12 46* 6*4 

12 46 11*3 

12 46 12*7 

12 46 13*2 

12 46 22-4 

12 46 22*4 

12 46 26*5 

' 12 46 29*7 

12 46 46*5 

12 46 47*5 

12 46 47-5 

18 46 48*1 

12 47 4-9 

12 47 15-1 

12 47 16*1 

12 47 16*9 

12 47 17-2 

12 47 21-4 

12 47 29>9 

12 47 31*8 

12 47 54*0 

12 47 5S«2 

12 47 59-1 

12 48 6*7 

18 48 7*8 

12 48 9*1 

18 48 26*6 

12 48 33*9 

12 48 39*2 

R. 2 uovn 12 48*45 


1 36 20 4M 

4 78 19 45*1 

1 84 23 15*1 

5 48 6 31*8 

1:: 55 5 14*8 
1 97 89 9*8 

1 41 33 55*8 

1 99 41 33*8 

1 130 37 52*8 

1 130 18 42*8 

1 77 9 54*5 

1 63 28 40*5 

1 102 38 47*5 

1 17 36 39*8 


112 45 0*2 2*175 1 

jl2 45 6*7 3*313 I 1 

|12 45 10*2 3*005 1 

12 45 11*6 3*075 1 


16 21 38*5 
131 54 27*5 
75 44 40*5 
90 26 26*5 


3*533 I 2 
3*143 I 1 
2*992 I 3 
3*015 I 4 
3*152 1 

3*048 1 

3*295 2 

3*115 1 

3*063 1 

3*111 1 

3*058 2 

2*862 1 
3*101 1 

3*114 1 

3*112 1 

3*114 1 

3*020 2 

3*120 1 

3*131 2 

3*131 2 

3*121 1 

3*384 1 

3*102 2 

2*925 a 
3*120 1 

2*911 2 

3*132 2 

3*029 3 

8*921 2 
3*054 1 

2*765 1 

2*683 1 

3*186 1 

3*230 1 


1311 1480 1.141 12 48 53*4 +3*047 


149 35 20*2 
: 104 38 49*2 
73 23 18*2 

78 0 38*2 
106 13 39*9 

84 46 58*9 
128 58 3*9 
98 45 39*9 
87 58 25*9 

97 54 38*9 
87 3 50*9 
52 25 5*9 

95 51 34*9 

98 26 38*6 

98 1 38*6 
98 26 17*6 

79 31 37*0 

99 46 38*3 
101 49 8*3 
101 50 8*3 

99 51 38*3 
137 58 54*3 

96 6 8*3 
62 9 58*3 
99 28 38*3 

60 17 53*0 

101 52 8*0 
81 10 55*0 

61 49 20*0 
86 20 18*0 
42 43 7*0 
36 8 27*7 

102 17 37*7 
118 45 0*7 

86 42 + 

84 56 47*4 


+ 19*67 

19*67 

19*67 

19*66 

19*66 

19*66 

19*66 

19*66 

19*66 

19*66 

19*65 

19*65 

19*65 

19*66 


1 F;S:vsiQbM 

5 cF;pL;|^ggjj,|r;*12p. 

1 vF;vS;R 

5 vB; L; iRj vevmbMBN; r... 

1 eF;vS;pmE 

1 iF;pL;IE;pglbM 

1 jvF;S;R;p8bM 

1 jcB; vS; vbiVIN=*9; tlOsf 


iF;R;RbM 

{F; L; E; gbM; 3rd of 3 , 


1 IpB; mE; r 

1 F;pL;lE 

1 iF;vS;iR;gbM.. 
1 ivF; cL; E 135°+ 


19*65 1 IpB; L; R; vg, vsbM I 2 

19*65 1 |B; pS; R ; vg, vsmbM I 1 

19*65 1 vF;S:E:r 1 

19*65 1 !cB; L; vlE; vgIbM I 5 


77 55 36*5 19*65 5 |B;pL;P;p8bM;pof2 i 7 


19*64 

19*64 

19*64 

19*64 

19*63 

19*63 

19*63 

19*63 

19*63 

19*63 

19*63 

19*63 

49*63 

19*62 

19*62 

19*6^ 

19*60 

19*61 

19*61 

19*61 

19*61 

19*61 

19*61 

19*61 

19*61 

19*60 

19*60 

19*60 

19*60 

19*60 

I960 

19*59 

19*59 

19*59 


3 |C1; vL; stvB (k CrucU) ' 3t 

l:.*'vF;pS;r j 2 

3 vF; pL; E? i 4 

4 pB; vmE34°*0;3Bsts;fof2 6+ 

1 ivF;S:lbM ! 1 

1 jF:cS;R;gbM | 2 

2 B; pS; IE; mbM i 3 

1 ivF;vS i 1 

1 ;F; pL; mE; *9p90° i 2 

1 vF;S ; 1 

2 pF:pS:R;mbM ' 5 

1 eF;cS;R;bM j 2 

1 |F; cL; R; VgIbM; r i 3 

1 ,F; S; R; vlbM;porDneb...' 2 
1 jvF; S j 1 

1 vF; S; R; vibM; f ofD neb 1 

2 vF; pL; R; r 3 

1 cB; vL; mE 1 

2 pF; pS; R; mbM; pofDneb 2 

2 ipF; pS; R; mbM; fofDneb 2 
1 leF; eS 1 

1 jvF;S;R;glbM 1 

2 |pB;pS;mbM;r 2 

2 |F; R; *9attl'n 4 

1 IpF; pS; ill 1 

2 !pB;pS;IE; *8011' 4 

2 !vF; S; 2or38tnear 2 

3 pF;pL;R;bM;r 7 

2 pF;pS;gbM 3 

1 cF;S;vS*att 2 

1 pB; cS; R; pabM; *14p ... 5 

1 eF;S;IE 2 

1 S;atttopB* 1 

1 F; cS; R; gvIbM 1 

. f F; D nel>; E at right angles 0 

** \ to* each other. 

(?’nSljcr'?El35°+ ... 3 


UDa'CLxiy. 


p 
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BeferenoM to 



I 3441 
t 3442 
, 1481 

5 1483 

6 1482 


* Annual Annual 

PrietmM No. N^ Pote Fmawon 1^. Summair D-oription from . 
^*7“'®" n^. OompoiiMnofaQtfao 

Other ,ooft*7 ft ^ ifloft*? n Obaenretioiu, *0. 

Authoritie.. uaeA 


Il2 49 6*0 +3*326 1 131 2 20*4 +19*58 1 eF; cS; R; gbM; pof2 1 


II. 383 
1.243 
11.777 


= M 11.649 


(^3446 
3319 1485' 


II. 384 
II. 563 


3321 1486 


8447 

3446 

1487 11.346 

3444 

1488 III. 817 


A. 164 


12 49 6*1 1 
12 49 9*7 


2*915 1 


!12 49 10*9 2*590 2 

12 49 20*0 3*104 1 

12 49 23*7 3*680 3 

12 49.33*01 3*112 2 


1491 : 11.536 

1493 I 11.387 

1492 i III. 613 

1494 11.386 


A. 311 


II. 385 

I. 68 

II. 299 

III. 908 

IV. 30 

II. 644 
1 1. 162 


II. 388 
HI. 758 

III. 759 
II. 389 

III. 83 


12 49 48*9 
12 49 51*1 
12 49 51*8 

12 50 5*6 
12 60 6*4 
!12 50 6*5 
12 50 7*9 
12 50 11*1 
12 50 15*0 
12 50 2.3*4 
12 50 42*3 
12 50 42*5 1 
12 50 45*5 
12 50 47*5 
12 50 55*4 
12 51 9*4 
12 51 45*5 
12 51 48*6 
12 51 59*8 
If 52 1*7 
il2 52 1*7 
12 52 22*9 
12 62 24*2 
'12 52 28*6 

12 52*41*1 
12 52 49*6 
il2 52 58*9 


IL 778 
II. 391 
III. 614 
II. 390 
III. 363 
II. 300 
1.148 


I. 69 


3362i 3452 


11.617 


3366 1514 

3366 1513 

3367 1515 

3368 1616 


V. 8 
II. 392 
11.645 
IV. 47 


II. 393 


12 53 
12 53 
12 53 
12 53 
12 53 
12 53 
12 53 
12 63 
12 53 
12 63 
12 63 
12 63 
12 63 
|18 64 
|12 64 
12 64 
|12 64 
12 64 
12 64 
12 64 


.3*220 
3*321 
2*917 
3*899 
2*680 
3*375 
2*725 
3*138 
3*060 
2*906 i 
.3*087 i 
2*912 I 
2*837 
3*571 
2*908 
3*151 
3*152 
2*172 
2*862 
2*832 
2*990 

2*90.3 
2*903 
3*102 
3*102 
2*902 
2*999 
3*106 
.3*102 
2*901 
3*094 
2*908 
2*900 
.3*147 
3*055 
2*724 
3*150 
3*257 
3*257 
3*069 • 
.3*361 
3*060 
2*899 
2*82.3 
.3*094 1 
2*719 
+2*897 


19*58 1 eF; S; K; gbM; fof 2 3 

19*58 1 vF;pL 2 

19*68 2 B; pS;vIE; vgbM 2 

19*57 1 F;S;R;bM 9 

19*57 3 Cl;pL;pRI;iF,*itl0...18 8 


131 3 50*4 
6l 29 48*4 
30 54 17*4 
96 3 28*1 
154 11 48*1 


97 46 5*1 19*57 2 pB; L; pmE 0°; gbM 8 


1 62 3 50*8 

1 102 64 35*8 

3 67 33 15*8 


1 116 

1 129 
1 62 

2 160 

1 .36 

2 135 

1 40 

1 1 102 
1 87 


1 51 

2 148 

2 61 
1 104 

1 104 

1 19 

2 54 

1 51 


32 13-8 
59 36*8 
14 32*8 
6 53*5 
56 44*8 

30 1*5 
26 12*5 
17 66*2 
40 23*5 
46 1*2 
51 26*2 

49 52*2 
62 3*2 

50 34*2 
38 24*6 
17 25*6 

31 34*6 
1 32*6 

23 0*3 
56 32*3 
4 23*3 


61 16 45*3 
6l 17 56*0 
95 20 33*0 

95 20 .3.3*0 
61 16 45*0 
76 46 17*0 

96 6 50*7 
95 19 0*7 

61 16 23*7 
93 60 3*7 

62 21 3*7 
. 61 17 14*7 
103 11 32*7 

86 46 0*7 
42 1 60*7 

10.3 46 66*7 
120 12 2*4 
120 10 2*4 
89 18 31*4 
132 0 56*1 

87 35 32*4 
6l 23 44*4 
51 54 16*4 
93 47 23*4 
42 1 52*1 
61^1 47*1 


19*56 
19*56 
I 19*66 

19*65 

19*66 

19*65 

19*55 

19*54 

19*55 

19*54 
19*54 
19*54 I 
19*54 ! 

19*54 

19*52 

19*62 

19*52 

19*52 

19*51 

19*51 

19*51 

19*61 

19*60 

19*50 

19*50 

19*50 

19*50 

19*49 

19*49 

19*49 

19*49 

19*49 

19*49 

19*49 

19*49 

19*49 

19*49 

19*48 

19*48 

19*48 

19*47 

19*48 

19*48 

J9*48 

19*48 

19*47 
+ 19*47 


F; cL f* 

pB;iF;bM 1 

!; vB; vL; vuiEl20®+; 18+ 
bMSBN=; ?. 

F;S;R;gbM 1 

pF;vS;R;sbM*17;>10,70°*3 1 

vF; pL; iF 8 

0;B:L;R;g, vsbM:stl2 2 

vF;S;iR:bM 2 

F; pL; iiiE; vgbM 3 

Neb;? 1 

vF ; 3.Sst sp 1 

pF;pL;pmE; vgbM;«nr30° 2 

pF; pL; R; vS« att 3 

!cF; E; er; *8f30" 2 

F; pL; R 2 

eF 1 

Cl; L; pRi; iR; atlO 2 

F; S; R; palbM 3 

B; R; p»mbM; *13 np 3* 

pB; pL; nibM '. 1* 

eF; vS;iR;vlbM 1 

vF ; pL ; vmE 30®+ ; bet 2 at 6f 

pB; S; R; mbM 1 

B; pL; mE 98^ >bMN; 7 
Satinv. 

::l«tof 5; «7 n 1 

cF;S;R;*7n;9lidof6 ... 4 

vF;vS;pof2 1 

vF;vS;Fof2 1 

3rd of 5 2 

cF; pL; R; vgIbM; r..*. 3 

vF;S;E « 1 

pF; cS; E; pebM; Jnp 9 

pB; pinE;bM: «7n;4thof5 3 
cF;S;iR;bM 9 


S; 11; •7n; 6tli of 5 


cB;cE; ♦10attl35®+ 4*i 

pF; S; R; gbM 1 

pB; pL; iR; stnr f* 

vF; cS; R; «att; pof8 1 

vF; vS; R; tIbM; fof 2. 1 

pB; pS; R; bM t 

eF; 3 or 4 It 11, 12, f ......... 1 

eF; vL; rr !• 

:: 1st of 3 1 

pB; cS; R; smbM; «l7np» 8 

pB; S; R; bM}«»teUar? 8 

eF;S;E;bM 1 

F; pL; 2ndof8 8 













^ Bef«renowto fMaMmf Na [ 

it i i “ iaoeirilon n of Dii h w nn ■ 

Oti$^ fllu^ J* S&pWt]^*i; . Ottlof Ri^bife Obi> to^ N.P.]). 

Io«BA C«tologu«i CImmi Aiit>ifti.iti«i 1860, Jm. 0. Aaamdaa osed. 186^ Jm. 0. fer 
^ ofNelwl®. and No*. fo, isso. 1880. 


II. 394 


II. 779 
III. 364 
IL 190 
IIL 760 


IIL 818 
II. 191 


11. 561 


I. 40 
111. 761 
11. 395 


11. 188 
II. 396 


11.413 
II. 397 
1. 130 


II. 398 

III. 303 
U.663 
UI.779 


III. 304 
IIL 783 


UL 766 
III. 937 
IIL 781 
IIL 783 


IIL 781 


111.346 


IL 189 
ia366 
II. SOI 
11.186 
I1L1B4 
IIL401 
1L816 


A. 411 


Aqv. R 81 


8417 1641 ...... 

8488 111.766 

8489 8471 


l2 54 48-9 
2 54 60*7 
2 54 61*3 
2 65 1*9 
2 56 43*0 
2 55 51*7 
2 56 14*8 
2 56 20*2 
2 56 27-9 
2 56 38-5 
2 56 42-6 
2 56 48*3 
2 56 56-5 
2 56 58-2 
2 56 69-1 
2 56 59-5 
12 57 6-0 
12 57 14-1 
12 57 32-1 
12 57 34*1 
12 57 40*2 
12 57 43*2 
12 58 15*4 
12 58 18*4 
12 58 23*9 
12 58 26*1 
12 58 26*5 
12 58 27*1 
12 58 31*6 
12 59 2*4 
12 59 4*5 
12 59 9*8 
12 59 27-3 
12 59 28*4 
12 59 33*6 
12 59 35*3 
12 59 35*4 
12 59 37*3 

12 59 57*7 

13 0 17*3 
13 f 18*4 
13 0 32*3 
13 0 36*8 
13 0 40*4 
13 0 41*9 
13 0 57*8 
13 I 8*2 
13 1 29*8 
13 1 32*2 
13 1 32*5 
13 1 33*1 
13 I 40*9 
13 I 50*4 
18 1 51*4 
18 1 64*5 
18 1 54*7 
8 f 1*0 


+ 2*897 
3*154 
3*112 
2*895 
8*115 
3*115 
3*358 
2*663 
3*136 
3*263 
3*425 
2*646 
3*129 
3*426 
3*101 
.3*113 
2*887 
3*455 
3*388 
3r306 
3*387 
3*107 
: 2*877 
3*329 
1*656 
3*263 
i 2*825 
! 2*888 
' 3*116 

2*840 
2*885 
2*874 
2*754 
2*537 
3*255 
2*873 
2*588 
3*221 
3*224 
1*670 
2*682 
2*580 
3*099 
8*480 
2*540 
2*948 
2*902 
3*264 
3*111 
2*873 
3*168 
3*102 
2*743 
2*811 
2*599 
3*404 
«*099 


61 24 48*1 
104 13 10*8 

96 57 43*8 
61 12 29*8 

97 19 31*2 
97 22 30*2 

130 39 45*9 
38 47 27*9 
100 44 59*9 
119 46 26*6 
136 28 2*6 
37 55 20*6 
99 35 40*6 
l.'{6 29 22*3 

94 48 23*6 

96 55 28*6 
61 3 42*6 

138 32 6*3 
132 50 51*0 
124 35 6*0 
132 45 46*0 

95 45 18*0 

60 7 28*7 
126 48 31*4 

13 50 36*4 
119 0 14*4 
54 4 20*7 

61 40 48*4 

97 15 49*4 
56 4 6*1 
61 30 58*1 
60 10 26*1 
47 31 10*8 

32 55 57*8 
117 28 37*8 

60 12 10*8 
35 40 40*8 

112 65 45*8 

113 15 24*5 
13 57 22*5 
35 38 40*2 
35 36 40*2 
94 16 0*9 

138 45 23*9 

33 34 22*2 
70 50 8*9 
64 29 21*6 

117 53 57*3 

96 1 35*3 
60 56 21*3 

104 45 42*3 
94 36 21*3 
47 34 57*3 
*64 3 8*8 
37 18 52*3 
132 21 15*0 
94 38 51*0 


+ 19*47 
19*46 
19*46 
19*46 
19*44 
19*44 
19*43 
19*43 
19*43 
19*42 
19*42 
19*42 i 
19*42 
19*41 I 
19*42 ; 
19*42 
19*42 
I 19*41 i 
19*40 i 
19*40 
19*40 
19*40 
19*39 i 
19*38 I 
19*38 
19*38 
19*39 
19*38 
19*38 
19*37 
I 19*37 


1 vF; 3rd of 3 

2 cF;L; vlE45'>+ 

1 cF; S 

1 vF 

1 F; pS; vlE; glbM 

1 cF; vS; 11 

1 vF; R; A2st8,9,f 

1 cF;S;R;vglbM 

1 pB; pL; iR 

2 pB; S; R;bM; *f6* 

1 foF; S; H; pof 2 

1 eF; R; psbM 

1 pB; L; R; gmbM 

1 F;S;R;fof2 ;.. 

2 pF; L; E; gbMBN; r 

1 jvF; S 

I F; S;R; bM; ♦9nfl' 

1 B; vL; vniE 88°*7 

2 ;B; pS; R; gprabM; p of 2.,.l 2 

1 F;pL;R;vgIbM 

2 eF; S; R; pslbM; f of 2 

2 !F;pL;lE;r 

5 F; S; R; psbM«ll 

2 vF; pS; ain3S8t 

2 vF; S; R; vgbM 

1 F; cS; R; gbM 

2 pB; cS; R; smbM 

1 F;S;R 

1 vB;pS; E0°+;bMBN 

2 eF;S;R 

1 F;S;iF 


3 2 6*3 2*993 1 77 37 1*0 19*30 

3 2 11*9 3*225 1 112 38 21*7 19*89 

3 2 15*9 +3*9)9 1 111 48 8*7 +19*89 


1 leF; vS 

2 F; vS; R; stellar; vS«s 

1 eF;S;lE 

2 vF; vL; cE; vgbM 

3 vF; vS; vlE; vgIbM; Jsp.. 

1 vF; S; E; «aU 

1 F;pL;R;glbM 

1 vF; pL; IF 

1 vF;S;iR;bM 

1 vF;S 

1 yF; S 

1* vF; vS; R; psbM 

1 B; pL; R; gmbiVf 

’ 1 cF; S 

2 F; vS; R; sbM; stellar 

1 eF;pL;lE 

1 eF;cS;R 

1 B;pL;R;*98f 

1 tF 

2 B; pL; R; psnibM 

1 F; iS; IF; pB*i»r 

1 vF;vS:R;lbM , 

2 vF; S; K ; steBar 3 

1 ivF; vS; stellar 2 

1 vF; S; E; r 1 

... A neb (Markree Obs. Apr. 9> 

1852). 

1 vF; S; IE; 2Sata 

1 vF;vS j 

1 IpF; cS; RialbMtamst 












„ Beferenoei to 

No, 

of 

OatA. SirJ.n/sSirW.H/s 
Iq^e. Catalogaes ClaiBea 
of Nebulae and Noe. 


J. V. W. HEBSGHEL’S CATALOOTJB 


Eight 

AMMunon 

for 


Annual 


for 1880 . 


1 ^ 


Annual 


No. 

North Polar 

Preoearion 

No. 

of 

Distance 

lin 

of 

01^ 

for 1 

N.P.D. 

Obi. 

'<used. 

i860, Jan. 0. 1 

for 

1880. 

uied. 


Summaiy Daioription from a 
Companion of all the 
Ofaaervalioni, Bemaili^ Ao. 


pB;pL:R; vgpmbM; «8op 


3461 1566 


34641 3476 
15 
34 
34 


VL 7 
11.513 


I 1578 

77 3480 

78 3488 

79 3481 
3483 
1573 


3 9 


13 >9 30'5 

13 9 3M 
13 9 31*9 

13 9 38*0 
13 9 58*3 
13 Iff 87*4 
13 10 33*7 
13 10 33*9 
13 10 46*3 
13 10 57*3 
13 11 14*2 
13 11 54*7 
18 11 55*9 


8*883 
8*881 
3*274 
3*358 
3*357 
3*519 
2*817 
3*227 
3*178 
+ 8*810 


1 :;|Neb; of of 8 


8 |G1; vF; pL; IR; vgbM 


vB; L; pmEl20 ±; 
vimbMBN. 

cF:cS;R;por8 

cF;cS:R;f8r8 

vB;S: R;vimbM;«10f 

eF;TS;E;r 

cF;tS:R} onr 

B:S:R;pdbM 






















OF KEBULiB AKD CLITSIEBS OF STABS. 
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BeferenoM to 


SirW.H.’i 
CUmea 
and Noa. 


Compmson of all tba 
Obiemtiona, Bamarb, in. 


3487 3484 


3490 3485 

3491 1579 
34 

34931 3486 
34 


3495 

1590 
1599 

1591 

3497 

3496 

3498 
1594 

3499 
1593 

3500 
1596 11. 398 

3501 

1596 11.653 

1597 11.814 
3509 

1598 III. 84 

3503 

3504 
8505 

1599 1111.409 


3534 1600 HI. 408 

3585 1600, a 

8586 IV. 70 

3587 1609 *11.667 





























no 


m 3. T. W. HEBSCHBL'a G^rJldOeUB 


^Referenoes to 

Ko. 

0^ Sir J. H?» Sir W. H.’4 


loffue. Cataioguw Classes AutWitiM i Asososkm used. Jam. 0. 

^ of Nebulae, and Nos. I for 1880. 


Annual ^Annod 

l^||lit Tnoimkm No. KorABelMr PMMon 1^. Suxnmary Description fifom a 
Aaconsion in of Distoce » Compwiwn of all tho 

9h Obeonr«lioi».»iiBMM*e. 


MH. 


h. 

3538 

3539 1601 

3540 1604 

.3541 1603 

3542 3507 

3543 3508 

3544 3509 

3545 1605 

3546 350$ 

3547 3510 

3548 1606 

3549 1607 

3560 

3551 3511 

3552 

3553 1609 

3554 1608 

3555 .3512 

3556 I6ll 

3557 I6l0 

3558 1613 

3569 1614 

3562 1615 

3563 I6l6 

3564 3513 
3565! I6l7 
3566| 16I8 
35671 1619 
3568; 1620 
3569! 3515 
3570I 3514 


H. 

III. 115 
If. <6 
III. 404 


III. 405 


III. 651 I 


D’Arrest, 94 


III. 821 
Ilf. 784 


V. 22 


III. 672 I 
III. 71 I 


|13 19 
13 19 
13 19 
13 19 
il3 20 
13 20 
13 20 
>13 20 
|13 20 
13^0 
13 20 
13 21 
:13 21 
13 21 
13 21 
13 21 
13 22 
13 22 
13 22 
13 22 : 
:i3 22 ! 


+ 3-167 
3-050 
2-730 

2- 926 

3- 328 
3-329 
3-329 
2-728 
3-977 
.3-594 
2-773 

2- 916 

3- 02 
8-373 
2-438 
2-371 

2- 770 

3- 898 

2- 560 

3- 221 
2-920 
2-558 


2 101 
2 87 

2 53 

2 . 72 
2 118 
1:: 118 
1 118 
2 .53 

1 152 

2 138 

3 57 

1 71 

[2] 83 

1 il22 


3 ! 57 
* :150 

1 I 42 

2 1107 

2 72 


35 25-2 

9 53-2 
19 49-9 
23 55-6 
50 27-6 
54 24-3 
53 52-3 

16 40-6 
41 27-0 

10 46-0 

17 26-7 
29 31-4 
16 4£ 
26 25-1 
28 48-1 
47 3-1 
14 35-8 

12 3-1 
38 21-5 
14 29-2 

13 18-2 
41 26-2 


13 22 29-1 ; 2-974 ' 2 


! 11.679 ' 
I 11.680 j 
{ill. 642 ! 
III. 652 I 


A. 252? 


1.186 
IV. 63 

II. 689 

III. 406 


n.79T 

111.507 


111.643 
III. 9 
111. 10 
HI. 99 


111.656 

111.926 


II. 841 


11.842 




III. 86 
HI. 85 


13 22 37'1 ' 
13 22 49-1 
13 22 51-6; 
13 22 54-8 
13 22 59*8 : 
13 23 9-3! 
1*3 23 21-2 i 
13 23 31-3 
,13 23 41-0 

;i3 23 50-0 
13 23 55-4 
:i3 23 57-1 
13 24 4-4 
il3 24 12-2 
:13 24 14-0 
il3 24 21-5 
il3 24 32-0 
;13 24 39-9 
13 24 52-2 
IlS 25 18-7 
!13 25 21-9 
113 25 26-6 
15 25 42*8 
jlS 25 48-2 
13 28 54*1 
ilS 26 21-9 
>13 26 44*5 
;13 27 7*3 
15 27 10-2 ■ 
15 27 14-9 
15 27 18-2 
13 27 21-3 
15 27 47-5 
IS 27 59-8 
18 28 4-5 
15 28 4*9 


2-922 ! 1 

2- 953 I 2 
.3-321 I 2 

3- 081 I 1 

.3-081 I 1 
2-952 1 

2-774 ! 1 
.3-400 I 2 


78 16 4-2 

72 26 57-9 
75 68 16-9 
117 25 21-6 
90 59 58-6 
90 56 3-6 
75 54 40-6 
58 8 37-3 
124 3 45-0 


4-129 ! 1 155 15 U-7 


2-908 

2- 589 

3- 382 
2-536 
2-264 
2-546 
2-726 


2- 409 

3- 142 
3-610 

2- 945 

3- 003 
3*003 
3-004 
3-076 
3*OOt3 
2-615 
3*009 
8*897 
2-075 
2-904 

2- 072 

3- 583 
.8-599 
2-942 

+2-943 


2 t 71 8 20-0 

5 42 5 4-0 

1 I 122 80 27-7 

4 f 42 0 60-7 

1 f 30 5) 32-7 

3 42 35 13-7 

2 r 54 26 31*4 

.. 89 18 29*7 

2 .36 12 12*4 

1 i 98 3 15-8 

1 i 137 24 41-2 

1 J 75 22 53-5 

3 81 57 44-2 

2 81 57 21-2 

1 I 82 6 15-9 

1 I 90 18 50-9 

1 81 59 5-6 

1 [ 47 24 36*8 

1 82 47 49-7 

1 122 45 39-4 

1 [ 26 83 53-7 

1 71 25 25*4 

1 26 30 48-7 

1? Il35 It 16-8 

1 122 44 13*8 

2 75 27 49-8 

3 75 82 20*8 



+ 18*84 2 vF; vS; stellar 

18-84 2 pB; pL; vIE; TsmbM » 12... 

18*83 2 cF; pS; E; bM; sp of 2 

18*82 2 vF; S; R ; • nf 

18*82 2 cF; S; K; psIbM; «r2' 

18*81 1 :: vF; S; R; p of Dneb 

18*81 1 pF; S; f of D neb , 

18*82 2 vF; pL; R; nf of 2i 

18*80 1 Cl; vRi 

18*80 2 [pB; cS; iE; glbM; r 

18-79 3 V; pS; vfte; bM 

18-78 1 vF; R 

18-78 [2] pF. See note 

18*77 1 pF; L; vraE; pgbM; rr 

18-77 1 cF: stellar 

18*77 1 cF;S:iR 

18-76 3 pF; pL:lE;tbM;fof2 1 

18*77 2 Cl; vF; S; tR»: St 15 1 

18-75 1 vF; pS; R i 

18-74 2 cF: L; mE 128°-8; pgbM ... 

18-74 2 F;pL;R;gbM 

18*74 2 F; vS; R; stellar 



18*73 2 vF; S; R; am 3 St; ♦ 7 nf... 

18*73 2 vF;S;R 

18*72 2 vF;pL;vlE;*7nf 10' 

18*72 1 F; cS; IE; gbM; p of 2 

18*73 1 pF; pL; iR; bM; f of 2 

18-72 1 vF; S; ill 

18*71 2 vF; vS; R; glbM 

18*70 2 F; pL; vlE; ^IbM 

18-69 1 I; B; pL; cE; bM curved 

avis; 4 st inv. 

18*70 2 cF; S; R; bM; {♦ f 

18*70 4 HI; DUcl&ring(b);spiral(R) 

18-69 I pB; S; R; g, pabM 

18-69 3 B; pS; R; vgbM; f of2 

18-69 1 pB; cL; iR.-gmbM; r 

18-69 * pB;pL; R; mbM 

18-68 2 vF;vS;lE 

... See No. 5072. 

18-68 2 pF} cS; R; vgIbM 

18-66 1 vF;cS;R;gbM;r 

18*64 1 F;pL;R;vgbM 

18-65 1 F; S; cE; *11 att Bp 

18*64 4 F; vS; H; pabM; pof 8 

18-64 2 F; vS; R; stellar; fof 9 

18-65 1 F; S; R; psbMN 

18*63 i 1 pB; 8; R; psnbM 

18*69 1 eF 

18*61 1 vF;8;R;lbM 

18*69 f 1 vF;S;#9nfiBv?(?28*a.A.) 

18*58: 1 tsP; eS; *S aadop 

18*59 i 1 pB; 8; vlE 

' 18-68 I 1 vF;8;H;bM 

18^69 1 pB;pL;R;gbM 

18*56 1:: vF; 8; R; (BR, nr 

18*56 ! 1 vP;8;R;*10f. 

18*56 2 vF; 8; vIE^ Ist ef9 

+ 18*56 3 cF; 8; R; bM; 9Mor9...... 


OF KSinLJE AJMD QUmim OF S7ASB. 


Ill 


ITa 

OWH 

N"-! 


Beferanoos to 


J. H.’s 

CstologUM 
of Nebulie. 


l3bW.H.‘i| 

ClaaM 

and Nos. 


Other 

Aotboritin. 


Asoeasion 

hr 

1860^ Ain. 0. 

Annual 

FMoaHiaD 

ia 

for 1860. 

No. 

of 

Ofaa 

used. 

NaitiiFokr 

Distwoe 

hr 

I860 Job. 0. 

• 

Annual 

PlMMUon 

in 

NJP.D. 

for 

1880. 

No. 

of 

Obe. 

used. 

Summaiy Deecription foom a 
Compariaon of all t|^ 
Observations, Ifomarki, fta 

- 

Total 

No.«f 

tilMB 

ofOba 

bfh. 

ndH. 

h 

m 

s 

8 


0 

i 

n 

14 ^ 


cF; pL; R; gIbM; 3rd af 8.. 


13 

28 

5-2 

+2*943 

1 

75 

87 

21*8 

+ 18*56 

2 

« 

13 

28 

6-2 

2*713 

3 

54 

34 

50*8 

18*56 

3 

F; cS; R; •10p*,p off ... 

5 

13 

28 

9*6 

2*422 

1 

37 

46 

37*8 

18*56 

1 

cF; pS;iR;lbM 

1 

13 

28 

150 

3*054 

(1) 

87 

53 

16*5 

18*55 

1:: 

vF; S;R 

f 

13 

28 

16*7 

2*711 

2 

54 

29 

21*8 

18*56 

2 

vF; vS; R; f of 2 

4 

13 

28 

31*7 

2*941 

1 

75 

35 

24*2 

18*54 

1 

F; L; E; vgbM 

1 

13 

28 

51*6 

2*711 

1 

54 

36 

47*9 

18*53 

1 

F; S; R; vSaur 

2 

13 

28 

52*3 

3*666 

1 

139 

6 

59*6 

18*52 

1 

eeF; S; IE 

1 

13 

28 

58*8 

3*008 

3 

82 

41 

27*9 

18*53 

3 

vF; pS; vlE; *9sp 

4 











r(H, h) vB;vL;E58«*l; 

I 

>13 

29 

9*0 

3*360 

4 

119 

9 

31*6 

18*52 

4 

UU esbMN 

r 










(L) S.branched spiral 

13 

29 

20*8 

3*539 

4 

132 

8 

2*3 

18*51 

4 

F; pL; cE; vglbM 

\ * 

13 

29 

27*9 

3*400 

1 

81 

54 

44*3 

18*51 

1 

vF; pL; R; er 

; 4 

13 

29 

26*9 

2410 

1 

37 

39 

33*6 

18*52 

1 

cF;pL;R:vlbM 

i 1 

13 

29 

29*9 

2*696 

1 

1 53 

43 

3*3 

18*51 

1 

vF; pL; R;lbM 

1 

13 

30 

0-9 

3*041 

1 

86 

30 

48*0 

18*50 

1 

eF; eL 

I 1 

13 

30 

4-6 

2*654 

2 

: 50 

55 

41*0 

18*50 

2 

cF; pL; E65*; biN? 

1 8 

1 

13 

30 

17*1 

3*591 

2 

135 

9 

0*4 

18*48 

2 

vF; S; R; vglbM; a 13att.. 

2 

i 








r(H,h)cF; vL; 


|l3 

80 

30-2 

3*234 

2 

107 

10 

3*1 

18*47 

2 

jllj-s ''g» psmbMLN 

iMt 

1 










(L) 2-branched spiral 

■J 

13 

30 

35-1 

2*985 

1 

80 

23 

32*1 

18*47 

1 

iB;L;El50®;pbMrN 

3 

13 

30 

48*6 

2*916 

3 

73 

18 

27*1 

18*47 

3 

|vF;S;R;bM 

i 4 

13 

SO 

49*8 

2*409 

1 

38 

1 

30*1 

18*47 

1 

lpB;S;R;vgbM 

i 1 

13 

30 

63-0 

2*795 

1 

61 

51 

45*1 

18*47 

1 

vF; S; vlE 

1 2 

13 

31 

11-6 

3*025 

(0 

84 

46 

14*8 

18*46 

1 

vF; S; R;bM 

i 4 

13 

31 

59*9 

1 3*390 

1 

120 

55 

34*6 

18*42 

1 

B; pL; E45°+; psmbM ... 

i 2 

13 

32 

12-4 

3*174 

1 

100 

46 

55*6 

18*42 

1 

IpB; L; pmE; glbM 

■i ^ 

13 

82 

21*9 

2*236 

2 

32 

10 

56*6 

18*42 

2 

ivF; vS 

.1 2 

il3 

32 

32-9 

2*465 

1 

40 

59 

35*6 

18*42 

1 

!eF;vS;R:gbM 

. 2 

13 

32 

45*5 

3*059 

1 

88 

26 

55*0 

18*40 

1 

!vF; S; R; bM; p of D neb... 

2 

13 

82 

49*9 

3*058 

1 i 

88 

27 

15*0 

18*40 

1 

F;S;iR;fofDDeb 

. 2 

13 

33 

13-6 

3*019 

2 i 

84 

IS 

5*7 

18*39 

2 

vF; R; am pB st 

.i 2 1 

13 

S3 

14-4 

0*995 

1 

14 

14 

14*0 

18*40 

1 

eF;S 

,! 1 ' 

13 

88 

26-7 

2*775 

1 

60 

53 

12*4 

18*38 

1 

cFj S; iiiE 0°+ ; a 9 sp 

2 i 

13 

S3 

43-5 

3*374 

1 

119 

12 

28*8 

18*36 

1 

vF; pL; R; vlbM 

» i 

13 

33 

58*5 

2*660 

2 j 

52 

25 

32*8 1 

18*36 

2 

F; cS; vlE; er 

s 1 

13 

34 

27*7 

3*665 

2 

137 

27 

41*9 1 

18*33 

2 

B; pL; vlE; vglbM; 3 st nr.. 

2 1 

( 

13 

34 

32-8 

2*628 

4 

50 

30 

0*2 

18*34 

4 

F; S; R; gbM; S * np 

4 

13 

34 

43*9 

3*196 

• • • 

103 

9 

3*6 

18*31 

• •s 

A nebula (MarkrecOb9.1855) 

0 

13 

35 

3-6 

4*112 

2 

152 

11 

47*3 

18*31 

2 

Cl; P;L:iF; 8tl2 


13 

35 

5*6 

3*026 

1 

85 

1 

44*6 

18*32 

1 

eF; S; bet 98t,...s 

1 

13 

35 

40*8 

2*769 

5 

60 

65 

6*0 

18*30 

5 

! ! ; ® ; eB; vL; vsnibM;8t 1 1.. 

14 

13 

35 

56-1 

2*670 

3 

53 

87 

45*7 

18*29 

3 

cB; pL; R;g, psmbM 

4 

13 

36 

8-6 

2*670 

• • 

• •a 

53 

87 

45*7 

18*29 

• a 

• a 

F;S 

0 

13 

36 

24*8 

2*248 

2*1 

33 

87 

25*4 

18*28 

2 , 

F; E73°*0; Dor biN; B*nf 

3 

13 

36 

54*7 

4*131 

2 

152 

11 

45*2 

18*24 

2 

CI;B;S:pC;iU;8tl0...12 

i 

13 

37 

15*3 

3*985 

1 

148 

29 

24*2 

16*24 

1 

Ci;L; vRi;st7...l6 

1 

13 

87 

37*5 

8*757 

2 

140 

40 

6*6 

18*22 

2 

©; vB;pL;R;rrr;8tl5... 

t 

IS 

38 

48*2 

4*237 

2 

153 

59 

16*1 

18*17 

2 

CI;S;C;iR;«tl4.. ?.... 

t 

13 

39 

9*8 

2*561 

1 

47 

47 

33*4 

18*18 

1 

vF; vS;J£90°±;sbM 

t 

13 

89 

17*9 

2*556 

2 

47 

38 

53*1 

18*17 

2 

cB;pL;E90°±;bMN....», 

t 

IS 

39 

25*8 

8*897 

1 

119 

41 

12*8 

18*16 

1 

vF;R;vlbM; |p 

1 . 

IS 

89 

41*2 

8*405 

1 

120 

IS 

12*2 

18*14 

1 

pF; S; U; 28tiir 

1 

13 

39 

55-7 

2*899 

1 

72 

59 

14*2 

18*14 

1 

bF; vL; 

1 

13 

89 

57*1 

+2*282 • 

1 

34 

0 

24*6 

18*15 

1 ( 

eF; 2 st att or inv 

3 

13 

40 

20*5 

-0*151 

1 

9 

62 

6*7 

18*09 

1 ' 

rF; vS; R 


13 

40 

+ 

+2*511 

:: 

45 

28 

+ 

18*13 

] 

R;bM;iswh. I 668 | 

0 

18 

40 

81*6 

2*611 

1 

45 

27 

31*9 

18*13 

1 ( 

:B; L; pmE 142”; gbM : 

S 

IS 

40 

89*5 

+8*401 

1 

119 

44 

81>3 

+ 18*11 

* 1' 

F;S;R;gbM ! 

1 


3597 

3598 

3599 

3600 

3601 

3602 

3603 

3604 

3605 

3606 

3607 

3608 

3609 

3610 

3611 

3612 

3613 

3614 

3615 

3616 

3617 

3618 

3619 

3620 
|3621 

3622 

3623 

3624 

3625 

3626 

3627 

3628 

3629 

3630 

3631 
13632 

3633 

3634 

3635 

3636 

3637 

3638 

3639 

3640 

3641 

3642 

3643 

3644 

3645 

3646 

3647 

3648 
36491 
8660! 
8661 
86621 
8663 


h. 

1639 

1640 

1641 

1642 

1643 

1645 

3522 

1644 

3523 

3524 

1646 


1647 

1648 

3525 

1649 

1650 

1651 

1652 

1653 

3526 

3527 


1656 

1654 

1655 

1657 
1660 

1658 

3528 

1659 

3529 

1661 

3 IV 0 

1662 

1663 

1664 
1664, aj 

1665 

3531 

3532 

3533 

3534 

1666 


3535 

8536 


1667 
1668, a \ 

1668 

3588 


H. 

IlL 87 
UI. 407 
1U.828 
111. 928 
111. 408 


111. 425 


111. 100 


111. 101 
HI. 823 
111. 409 


111.620 


II . 297 

1. 34 

III. 72 

II. 817 

III. 369 
111. 505 
II. 638 


III. 803 
111.673 
II. 895 
II. 896 


III. 370 

iiiVoio 


I. 98 

II. 798 


11.668 

1.170 


V. 6 
III. 785 
111.946 


1.180 


A. 623 



Auw. N. 32 


M.3 
R. nova 
A. 27 s 


A. 888 




R. nova 
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North Polar 

! Annual 
Precession 

No, 

ABOonsion 

in of 

Distance 

in 

of 

for 

Bight Obe. 

for 

N.P.D. 

Obi. 

1860, Jan. 0. 

Ascension used. 

1860, Jan. 0. 

for 

UNd. 

mam 

1880. 



Compariton of all the 
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No. 

of 

Osta- 

lOglM. 

Beferenoesto 

Right 

Annual 

Precession 

in 

Right 
Ascension 
for 1880. 

No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1800, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

No. 

of 

Obs. 

used. 

Summary Description from a 
Comparison of all the 
Observations, Remarks, Ac. 

TotiJ 
No. of 
times 
of Obs. 
byh. 
sndH. 

Sir J.H/8 
Catalogues 
of Nebulas. 

Sir W. H.*i 
Classes 
and Nos. 

Other 

AuthoritieB. 

Asoewon 

for 

1800, Jan. 0. 


h. 

H. 


h m 8 

8 


30 39 35*1 

II 




"r 1 1 

1709 

III. 809 


13 49 48*6 

+2*031 

1 

+17*77 

1 

cF; S; E: ? J inv 

2 


1710 

11.889 


13 50 29*0 

2*999 

4 

83 12 55*9 

17-73 

4 

cF; pL; R; vgbM; «11 np... 

5 

< i\ i 

1711 



13 50 36*8 

2*715 

3 

60 8 59*9 

17*73 

3 

pB; pL; R; IbM 

3 


11. 844 


13 50 38*7 

1*987 

1 

29 47 45*9 

17*73 

1 

pB; cL 

1 

ii 

■i r / 

■mu 

1.238 


13 50 40*4 

1*986 

3 

29 48 15*9 

17*73 

3 

cB; pL; vlE; vgmbM 

3 

3716 

1712 

1.187 


13 50 41*1 

2*382 

4 

42 4 55*9 

17*73 

4 

B; L; mE4(f’*4; imbMN ... 

5 

-J r 1 r 

1713 



13 50 47*4 

2*576 

1 

51 31 33*6 

17*72 

1 

pB;lE;vglbM 

If 

■i r 1 J 

1714 

11.698 


13 60 56*6 

2*679 

3 

51 42 17*3 

17*71 

3 

F; cS; R; smbM 

4 

? M ; 

3549 


13 60 57*8 

4*119 

2 

148 54 29*7 

17*69 

2 

Ci; Ri; vC;pL;8tll...l2... 

2 


1.239 


13 51 6*5 

1*973 

1 

29 35 14*3 

17-71 

1 

pB; pS; E; rabM 

3 

i 1 

iiis 

III. 546 

• 

13 51 15*6 

2*996 

1 

83 3 41*7 

17*69 

2 

vF; vS; r; stellar 

3 

< r S 

1715, fl 


R. uova 

13 51 + 


83 0 + 



F;S;R 

0 

i r. % i 

1717 

1. 181 


13 51 17*9 

2*496 

1 

47 28 19*0 

17*70 

1 

cB; cL; R; gbM 

2 

3724 

1721 



13 51 19*2 

0*414 

1 

13 7 58*9 

17*73 

1 

Cl; P; S ...." 

1 

3725 

1716 

111.547 


13 51 22*6 

2*996 

1 

82 58 36*7 

17*69 

2 

vF; vS; biN; r; Stellar 

3 

3726 

1719 

1.240 


13 51 30*0 

1*968 

1 

29 33 27*0 

17*70 

1 

pB; pL; E; mbMN 

3 

3727 

17I8 



13 51 3M 

2*524 

1 

48 52 36*7 

17*69 

1 

F; L; VgbM; «9Df. 

1 

Aft 

3728 

1720 

III. 666 


13 52 I0'9 

3*101 

1 

92 31 21*8 

17*66 

1 

vF; cS; R; gbM 

2* 

3729 

3550 



13 52 33*0 

3*414 

1 

118 11 17*2 

17*64 

1 

vF ; S ; R ; glbM 

1 

3730 

1722 

1. 191 


13 52 34*9 

2*575 

2 

51 52 3*5 

17*65 

i 

cF ; S ; np of 2 

3 

3731 

1723 

1.190 


13 52 38*2 

2*575 

3 

51 53 52*5 

17*65 

3 

cF; cL; E15°*0; IbM; »fof2 

4 

.^7312 


III. 125 


13 52 39*4 

2*709 

1 

60 11 32*5 

17*65 

1 

vF; S; iR; sbM^i 

1 

5 

3651 



13 52 55*7 

3*492 

1 

123 16 22*6 

17*62 

1 

vF;S;R;gbM 

1 

jji 

3552 



13 53 10*9 

3*479 

1 

122 23 20*3 

17*61 

1 

pB; pL; R; vgbM 

1 


1724 

111.411 


13 53 24*5 

2*618 

2 

54 32 37*3 

17*61 

2 

eF; vS; praE90° 

3 

?! ? • 

III. 667 


13 53 31*9 

3*097 

2 

92 10 41*0 

17*60 

2 

vF; cS 

2 

?r ?! 

1725 

111.412 


13 53 39*8 

2*592 

1 

53 4 6*0 

17*60 

1 

cF;cS;E 

2 

1! Mi 

1727 

ifnRfjV 


13 53 41*9 

1*944 

1 

29 28 38*3 

17*61 

1 

vF:vS;*R 

2 

! ! ? ; 

1726 

HI. 683 


13 53 51*9 

2*557 

1 

51 8 1*0 

17*60 

2 

vF; pL; iF 

4 

. 1 ! f 



13 53 58*0 


89 13 53 



See No. 5075. 


?! * 1 

1728 

II. 699 


13 54 24*3 

2*541 

2 

50 ’24 2*1 

17-57 

2 

F;pS;R;lb.M 

5 

■{ r 1 

1732 

III. 684 


13 54 50*2 

2*535 

(1) 

50 9 17*8 

17*56 

1 

vF;vS; R;bM;inCl 

2 

? ’ * 

3553 

*• 


13 54 50*7 

3*632 

1 

130 44 6*2 

17-54 

1 

eF ; E bet 2 vS st 

1 

?] ' ! 

1729 

11.672 


13 55 0*0 

2*498 

1 

48 19 36*5 

17-55 

1 

pF; pS; bM 

2 

?! ' ■ 

III. 56 


13 55 0*2 

2*958 

1 

79 54 37*2 

17-54 

1 

eF; vS; E; r 

1 

?! * I 

1733 



13 55 10*5 

1*647 

1 

24 24 32*5 

17-55 

1 

pF; pS; R; psIbM 

1 

?! ’? 


III* 11 


13 55 17*4 

2*974 

4 

81 17 11*9 

17-53 

4 

cF: S: R; psbM; au 

5 

3747 

1731 


1 

13 55 20*0 

2*978 

1 

81 38 22*9 

17-53 

1 

vF; R;bM 

1 

IrWM 

3554 



13 55 24*3 

3*501 

3 

123 17 44*6 

17-59» 

3 

dB : pL : R : spmbM 

3 

r2S 

1736 

1.230 


13 55 44*4 

2*117 

2 

34 9 20*6 

17-52 

2 

pB; S; pinE45=+; 

4 











vsvmbMN. 



1734 



13 55 59-7 

3*134 

1 

96 18 37*0 

17-50 

1 

pF; cL; R; gmbM; np of2 .. 

3t« 

?! ’ ' 




13 56 3*7 

3*134 

1 

95 21 25*7 

17-49 

1 

pF ; cL; R ; gf of 2 

3* 

Mill 

1738 

II. 827 

•••••••••••■ 

13 56 14*1 

1*946 

1 

29 58 35*3 

A 0 

17-51 

1 

pB; S; lE; inbM 

2 

j 1 

mmm 

III. 653 


13 56 26*8 

2*646 

2 

56 49 5*4 

A 1 1# A 

17*48 

2 

vF:cS;lE0°; bM 

3 

h! ' ! 


11.416 


13 56 57*7 

2*606 


54 33 31*8 

17*46 

1 

dF: cS; IE; bM; ♦! 1 sp...... 

3 


IffLl 



13 57 18*2 

2*607 

A • 

1:: 

H 40 40*5 

17-45 

1 

vF; S 

3 


1741 

11.417 


13 57 19*7 

2*598 

3 

54 11 30*5 

17-45 

3 

pB; pL; ivIE; vsmbM 

4 

Jr , r 

1742 

III. 413 


13 67 25*7 

2*50Q 

1 

54 18 33*2 

17*44 

1 

P. *13n 

2 

s r » : 


11. 799 

H.O.N. 

1 W Wf 0 

13 S7 96*0 

2*080 

2*03.3 

M 

1 

33 30 33*5 

1 7*45 

1 


2 

? J ? 


HI. 57 

1(7 vf A\l V 

1 S S7 30*0 

A 

1 

00 0V 00 0 

70 42 30*0 

X t *0 

17.43 

1 

eF* eS 

1 

J JJ 

1744, a 

111.78^ 

R. nova ? 

13 67 30*5 

2*137 

1 

• •• 

0 ^ 1 ^ aJV y 

35 6 18*3 

17*44 

1 

B;'S: ill gnib.M; conn with 

0* 

. 










M. 101. 


Hji] 

1743 

II. 691 


18 67 30*6 

2*293 

1 

40 9 16*2 

17*44 

1 

pB; cL; vmE90®+; smbMN 

2 

H*! 

1744, b 


R. nova 

13 67 32*8 

2*134 


35 0 28*3 

17*44 

s • s 

vF; pL; gvlbM ^ all conn 

f®! 


1744, e 


R. nova 

13 57 33*0 

2*137 


35 5 51*3 

17*44 

■ s • 

F; pS; iR; glbM > with 

V 

3764 

1744, d 


R. nova 

13 57 41*7 

+2*131 


34 67 41*3 

17*44 

• • • ' 

vF; pL; ill; vIbM 1 M. 101. 

to* 


1747 

III. 947 


13 57 43*7 

—0*246 


11 5 61*1 

17*47 

] 1 

k’F; pL; iR ; vgvlbM 

2 

8766 


111.787 


AW Wg «W 0 

13 57 50*1 

4.2*133 

4 # • 

1 

SiS 3 

17*43 

1 I 

fF; vS 

l*t 

8767 

174^ 0 


R. uora 

5 V ir f w V A 

18 57 89*7 

•y* A trif 

2*181 

A 

%/tr w AV 

36 9 3*3 

17*43 

• • • 

F; pL; IE; vIbMl conn with 

JO- 

8768 

miff 


R> nova 

IS 68 2*8 

+2*184 

• •• 

35 8 16*3 1 

+ 17*48 

Jli 

)B;pS:R;p«bM/ M. 101. 

\0* 


MDOOOLZiy. 
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SIB J. F. 'W. HEBSCHEL’S CATALOGUE 


Beferences to 


Cate. SirJ.H.’sSirW.H/s 
loffue. Catalogues Classes . 

“ of Nebula:, and No*. Authontle.. 


Bight 

Annual 

rrece.ssion 

No. 

North Polar 

Annual 

Freoeesion 

No. 

Ascension 

in 

of 

Distance 

in 

of 

for 

Bight 

Obs. 

for 

NsP.D. 

Obs. 

I860, Jan. 0. 

Ascension 

used. 

1860, Jan. 0. 

for 

used. 

for imi 



1880. 



Summary Description fixnu a 
Comparison of all the 
Obserrations, Bemarlu, &o. 


77 27 4 

34 57 22’3 

35 2 42*3 


3781 1745 

3782 1748 




3784 

1750 

II. 800 

3785 

1749 


3786 

1751 

III. 287 


3792 3557 


3796 

3558 


3797 

3559 


3798 

1752 

III. 32 

3799 

1753 

11. 890 

3800 

1754 

II. 876 

3801 

1755 

IV. 46 

3802 

3560 


3803 

3561 



Ir^I 


3805 1756 


1762,0 

1762 III. 134 

1764,0 

r III. 804 
1763-^ s 
I IIL835 

1764,5 

1764 III. 414 


3563 


38251 1765 I HI. 47 


R. nora 


D’Arraat, 96 


137 38 52-1 
34 59 40*3 
34 56 67*3 
119 20 28*8 
60 48 11*1 
94 46 56*5 
34 59 23*1 


91 

1 

21*4 

.38 

37 

18*1 

38 

37 

47*8 

80 

24 

17*5 

132 

39 

20*2 

34 

19 

14*9 

34 

19 

14*9 

34 

16 

45*6 

122 

58 

35*7 

135 

25 

33*1 

71 

47 

18*4 

82 

58 

10*5 

69 

43 

45*5 

94 

22 

49*9 

119 

59 

46*6 

116 

26 

51*6 

40 

46 

9*3 

88 

5 

4*7 

92 

32 

43*5 

92 

33 

+ 

92 

29 

28*5 

68 

64 

40*9 

50 

1 

53*6 

137 

27 

28*0 

38 

59 

81*4 

. 84 

56 

4*5 

74 

a 

13 

A 

69*5 

I 


17*05 •! 


16*98 2 


vF; S; E; r, 


oF; pL; vmEllft***5t 
vgymbM> 

h vF; pmE; «i?nbM«l2 ... 

F;SiR;IIL47flO**i 

fFi v8i B{ jbM{ t 
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No. 

of 


Beferenot 



Oata 

SirJ.H.’s 

SirW.H.’i 

logue 

. Gatalogiiet 

Classes 

■I 

1 

. and Nos. 


h. 

H. 

382( 

1766 

11.418 

382: 

1768 

III. 731 

382^ 

1767 


3821 



III. 805 

383C 

1770,6 



3831 

1769 

III. 732 

3832 

1770,/ 


3833 1771 

11.419 

3834 

1771,0 


3835 

1770 


3836 


III. 551 

3837 


III. 948 

3838 

1773 

11. 194 

3839 

1772 

III. 552 

3840 

1774 


.3841 

1775 


38421 3564 


3843 

1776 

I. 99 

3844 

1777 

111. .347 

3845; 1778 

11. 579 

3846 

1779 

1.144 

3847j 1780 


3848 

1779.0 


3849 

1781 

III. 12 

3850 

1782 

1. 145 

3851 

1783 

1.146 

3852 

1784 

111.415 

3853 

1785 


3854 

1786 

11. 754 

3855 

1783,0 

•••it* 

3856 

1790 

1. 235 

3857 

1787 

111.110 

3858 

1789 

• ♦ • s s • 

3859 

1788 

III. 416 

3860 

1791 

111.417 

3861 

3565 

111.924 

3862 

3566 

3863 


III. 135 

3864 

1792 

III. 121 

3865 

1795 

III. 418 

3866 

1793 

III. 122 

3867 

1796 

III. 733 

3868 

1794 

III. 927 

3869 

1797 

II. 177 

3870 


11.694 

3871 

* 1800 

III. 734 

3872 

1799 

III. 668 

3878 

r ngoi 

III. 120 

8874 

13569/ 

3568 


8875 


11. 331 

3876 

1801 

11.673 

3877 

1802 

III. 136 

3878 

1803 


3879 

3567 


3880 

1804 

II. 420 

3881' 

1 


3882 

>1804, a 


8888 



Odier 

Authorities. 


Right 

Aecenuon 

fo# 

I860, Jan. 0. 


Annual 

Precession 

in 

'Right 
Ascension 
for 1880. 


No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

I860, Jan. 0. 

1 Annual 
Procession 
In 

N.P.D. 

for 

1880. 

No. 

of 

Obs. 

used 

Summary Description from a 
Comparison of all the 
Observations, Remarks, Ac. 

Total 
No. of 
times 
of Obs. 
by h. 
and 11. 

3 

53 59 51*1 

+ 16-87 

3 

pB ; R ; vsmbM ; 2 or 3 st inv 

4 

1 

49 51 34-2 

16-84 

1 

cF; vS; R; p 

2 

1 

81 10 12-2 

16-84 

1 

F;pL;iF:gbM 

1 

3 

29 20 6-5 

16*85 

3 

eF; vS; R; Stellar 

3 

; 1 

81 39 52-2 

16*85 

; : 

vF 

0 

3 

49 46 41-2 

16-84 

4 

cF;S;R;gbM 

5 

: 

81 46 46-3 

16-83 

; 

vF ^ 

0 

2 

52 46 41*6 

16-82 

3 

F:pS;E80“;DorbiN 

4 


52 46 + 

16-82 

. . • 

Makes D or biN neb witli 

0 





h.l771. 


2 

81 46 56-3 

16-81 

2 

pB; cS; gbM 

2 

2 

81 59 + 

16-80 

2 


2 * 

1 

10 44 46-7 

16-79 

1 

eF;vS;E0°+ 

1 

2 

64 12 39-0 

16-80 

2 

jcF; pS?R; vsvinbM* 

4 

1 

81 68 40-7 

16-79 

1 

vF:vS;R 

2 

1 

76 27 52-7 

16*79 

1 

jvF;cS;pniE 

1 

1 

63 4 49’8 

16*76 

1 

ivF;S;lE 

1 

1 

118 36 20-5 

16-75 

1 

;eF; L; S ♦ inv 

1 

2 

52 51 11-8 

16*76 

2 

.cB; S; R ; vsbM* 

4 

1 

64 32 41-9 

16-73 

!-• 

’vF;S;vlE;bM 

2* 

2 

85 21 16*6 

16*72 

2 

pF;cL;E;gbM 

3 

3 

85 25 7-3 

16-71 

-3 

B; pL; R; psbM; r; «12 nf. 

4« 

1 

54 13 56*6 

16*72 

1 

pF; R 

1 

*•» 

85 24 7-3 

16*72 

... 

i Place from MS 

0 

(1) 

81 50 21-0 

16*70 

2 

;F;S;iR 

4 

1 

86 6 53-4 

16*68 

1 

pF; pS; IE; pof 2 

2 

1 

86 5 8-4 

16-68 

1 

!B;S;R;vsnibM;fof2 

2 

o 

54 9 46-8 

16*66 

2 

jvF; cL;por2 - 

3 

1 

54 8 52-2 

16-64 

1 

!pB;S;fof2 

1 

3 

49 39 28-2 

16-64 

3 

'pB;pS;R;bMFN;#sp ... 

,5 

••• 

! 85 53 50 

16-64 


‘L; F; vmE i 

0 

1 

1 

32 38 5-9 

16*63 : 

: 1 

pF; L; iR; vgmbM; r 

3 

1 

75 26 38-0 

l6-60 

1 

jF; cS; vlE; «8 sf : 

3 

1 

54 13 57-3 

16-61 ! 

1 

ivF; R; gbM; #8sf ; 


2 

.54 5 13-3 

16-61 : 

o 

vF; S; R; up of 2 


.3 

54 9 17*0 

l6*60 i 

3 ! 

cF;S;R:bM*;sfof2 

i* 

1 

118 1 55-4 

16-58 i 

1 

F;S;E;gvlbM;r ^ 

2 

1 

144 9 51*1 

16-55 1 

1 

Cl; vlRi;vlC;8tlO 

1 

1 

62 58 37-8 

16-56 i 

1 

eF; vS; stellar 


1 

106 5 6-5 

16*55 ! 

2 

F; pL; R; vgbM; p of 2 .. 


4 

1 

52 14 23-.'> 

16-55 1 

1 

eF; S; R; stellar 

2 

1 

106 7 34-2 

16-54 1 

2 

vF; L; vIE; vglbM; f of 2 ... 

4 

1 

49 2 30-5 

16-55 j 

1 

F;vS;R;bM 

3 

4 

82 46 50-2 

16-54 j 

4 

F;S;iE 

5 

1 

75 43 22-6 

16*52 j 

1 

pB;pS; gbM 

3 

1 

38 49 32-9 

16-53 1 

1 

pF; pS; IE; nibM 

1 

2 

48 58 44-6 

16-52 1 

2 ; 

cF;pS;R;gbM , 

3 

1 

92 34 12-0 

16-50 

1 

Fj pSj R, vgbM^} r .......a. 

2 

2 

102 32 27-0 

16*50 

2 ' 

vF; pL; R; vgbM 

3 

1 

148 59 58-4 

16-48 

1 1 

Cl;S;pC;8tL&S 

1 

2 

17 47 31-9 

16-53 

2 1 

)F; cS; ill; bM; er 

2 

1 

47 36 1.3-0 

16-50 

1 1 

F;pL; IE; VglbM 

2 

I 

64 45 34*4 

16-48 

1 , 

»^F; S; pinKO^-t-; *9 f 

4 

1 

56 18 59'4 

16*48 

1 1 

F;S;R:bM 

1 

1 

167 46 0-3 

16-41 

1 t 

•F;E;gl>M;r 

1 

2 

54 29 56-4 

16-48 

2 f 

*B;S;R;8mbM 

3 

aaa 

54 80 ± 

+ 16-48 

... h 

. 1804 is D; 2 others near .. 

0 



j 





11. nova 
R. nova 


K. nova 


11. nova 


K. nova 




313 


h m B 

14 10 10-3 
14 10 40-3 
14 10 4.3-5 
14 10 44-8 
14 10 45-3 
14 10 48-4 
14 10 53-9 
14 11 8-5 

14 11 + 


14 
14 
14 
14 
14 
14 
14 
14 
!i4 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
^14 
14 
14 
14 
14 
14 
14 
14 
14 
14 


R> 3 novae 


11 13*9 
11 29*6 
11 36-1 
11 .38-1 
11 4.3-6 

11 43-8 

12 12-9 
12 24-5 
12 32-5 

12 50-8 

1.3 1-0 

1.3 16-5 

13 20-8 

1.3 28-5 

1.3 31-7 

13 52-1 

14 1-1 
14 31-5 

14 45-4 

15 1-6 
15 5-4 

15 18i 

16 30-3 
16 30-7 
16 30-8 
IS 43-3 

15 47-9 

16 13-4 
16 25-3 
16 32-5 
I6 41-3 
16 46-6 
16 49-7 

16 5.3-9 

17 7-8 
17 170 
17 24-4 
17 28-1 


14 17 32-1 

14 17 36-5 
14 17 43-9 
14 17 48-1 
14 18 3-6 
14 18 6-3 
14 18 9-9 
14 18 12-4 

14 18 ± 


+2-549 

2*462 

2*960 

1*789 

2-968 

2*459 

2-968 

2-521 

2-521 

2*968 
+2-970 
-0-747 
+ 2'720 
2-970 

2- 897 
2-701 

3- 476 
2-517 

2- 723 

3- 013 
3-014 

2- 541 

3- 014 

2- 967 

3- 023 
3-022 
2-536 
2-5.35 
2-440 

'3-02 

1- 909 

2- 879 
2*534 
2-531 

2- 532 

3- 474 
4*121 

2- 689 

3- 291 
2*489 
3-292 
£-419 
2-978 
2-866 
2-134 

2- 414 

3- 107 

3- 243 

4- 345 
0-726 
2-380 
2*714 
2*566 
6*643 
2-530 

+2-630 
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SIB J. F. Vr. HERSCHEL’S CATALOGUE 


Beferenoesto 


Asoenrion 

for 


Annual 


for 1880. 



No. 

North Polar 

Annual 

Preoeaaton 

No. 

of 

Distance 


of 

Obs. 

for 

lf!P.D. 

Oba. 

used. 

1860, Jan. 0. 

for 

used 


1880. 



3887 

1806 


iwmi 

3889 

1807 

3890 

1809 

3891 

1808 

3892 

1810 

3893 

3571 

3894 

1811 

3895 

1812 

3896 

1814 

3897 

1820 


! III. 949 
III. 1S6 


II. lAO 
III. 645 


II. 891 

II. 3.30 

III. 420 


II. 421 


II. 695 
II. 892 


A. 342 


II. 27 


II. 807 
II. 574 
11 . 79 


I III. 882 
III. 310 
11.696 
II. 893 

II. 422 
1.237 

I. 189 

III. 283 

II. 894 
III. 421 j 


II. 808 


14 

14 

14 

A. 469 14 

14 

14 

Auw. N. 34 14 

14 





|l4 

Auw. N. 35 14 

14 

14 

14 

A. 342 14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

:::::::::::: ilJ 


22 41‘4 

23 2-9 
23 11*4 
23 40*3 
23 43*8 

23 54*1 

24 3-0 
24 4’0 
24 7-8 
24 14-9 
24 17-5 
24 34-5 
24 48*0 
24 52*7 
24 5,3*3 

24 59*9 

25 7*9 

25 31*6 

26 19*7 
26 22*6 
26 22*9 
26 28*2 
26 28*4 
26 35*4 
26 39*7 
26 42*1 
26 53*5 

26 53*6 

27 51*2 
27 51*3 

27 55*2 

28 8*6 
30 6*5 
30 18*9 
30 26*8 
30 28*4 
30 29*8 


+2*602 
-1*635 
+ 2*608 
3*826 
2*964 
2*867 
3*066 
2*982 
2*583 
2*478 
2*868 
2*499 
3*067 
2*686 
2*122 
2*977 
4*256 
2*961 
2*916 
1*686 
3*002 
2*924 
3*887 
0*855 
2*563 
2*100 
.2*988 
2*470 
1*758 
2*110 
2*678 
2*988 
2*454 
2*454 
1*902 
3*880 
+2*120 


52 54 5*8 
150 6 16*7 
91 37 28*4 
84 33 53*8 
17 44 24*0 
81 7 26*2 
40 48 47*2 
56 7 10*9 
49 24 57*6 
119 7 31*7 


16*36 1 1 |vFiS;R;vgbM 


53 

m 

46*8 

16*16 

75 

27 

56*8 

16*16 

54 

2 

59*5 

16*15 

89 

45 

4*8 

16*1 6 

63 

69 

8*9 

16*13 

39 

45 

49-2 

16*14 

83 

7 

34-6 

16*12 

145 

56 

31*0 

16*10 

81 

18 

15*0 

16*10 

78 

51 

33*5 

16*06 

29 

54 

6*1 

16*07 

84 

55 

64*5 

16*05 

79 

28 

9*2 

16*04 

135 

20 

29*9 

16*03 

19 

44 

6*4 

16*08 

57 

43 

21*2 

16*04 

39 

26 

14*5 

16*05 

83 

55 

1*9 

16*03 

53 

4 

35*9 

16*03 

31 

27 

43*7 

15*99 

39 

56 

14*7 

15*99 

63 

54 

56*1 

I6'97 

84 

1 

3*8 

15*96 

52 

50 

57*8 

15*86 

52 

53 

2*6 

16*85 

34 

53 

55*5 

15*85 

134 

25 

46*3 

15*81 

40 

38 

43*5 

+ 15*85 


Compariton of all the 


vF; S; cEj vgbM; er. 
Cl; L; pKi; pCM; st8 


1 err ; il of 2 

4 pF; pL; K; robM; r 

... Neb; F; E(Bond|May,18! 

1 eF 

H pB; L; iR; vgbM 

2 vF; pS; IE 

2 Cl; L; pRi;IC; it9 

2 pB; pL; R; gbM; r 

1 vF; vS; R; stellar 

1 pB; pS; E 0° 

2 F; pS; vlE; «14inv 

1 F;L;R;lbM;r 

2 vF; S; cE; bet2at 

1 vF;pL;R;bM 

1 vF; vL; iR; IbM; $p ... 

1 F; S; cE; *15 np 

4 cF; pS; H; gbM 

1 F;p^E;bM 

1 B; L; lEO**; vgmbM 

1 B; L; E 46®;;^! Pg^M; r 

1 vF; vS; R; r; 8»t9»10np 

4 vF;S;R;«18aU 

4 F; cS; R; bM; pofO 

1 vF;S;R;fof* 

1 pF; S; IF; r; «10 f 

1 F; S; TgbM; amst 

1 cB; 8; 1 90” pnnbM 
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Beferenoet to 


Cfttft* Sir J. H/b Sir^l^. H.*b 
logue. Catalogues ClaBHes 
ofNebubfi. and Nob. 


3944 >1848, a 


ib^ii 


3946 1846 

3947 1847 

3948 1851 


3956 1854 


Other 

Authorities. 


Bight 

Annual 

PreceBBion 

No. 

North Polar 

Annual 

PreceBBion 

No. 

Asoension 

in 

of 

Distance 

in 

of 

for 

Bight 

Obs. 

for 

N.P.D. 

Obs. 

1860, Jan. 0. 

AsoenBion 

used. 

1860, Jan. 0 . 

for 

used. 

for 1880. 



1880. 



Summary Description from a 
Comparison of all the 
Observations, Boputrks, Ac. 


R. 3 nova 

14 30 + 

+2-120 


i 

14 30 39-7 

3-032 

1 


14 .30 42-5 

8-070 

1 


14 31 38-1 

2-448 

•2 


R. S nova 


40 38 + 

87 6 6*6 
89 46 46*6 
52 49 33*4 

52 50 + 

47 36 0*4 



ii 


3986 3679 

3987 1874 


3996 3582 


III. 690 
III. 885 


A. 356 


3-197 

2-281 

2-281 

2-387 

2-698 

2-773 

2- 297 
3039 

3- 276 

3- 035 
2-880 

4- 258 
3-068 
1-892 

2- 368 

3- 293 

3- 362 
2-773 

4- 208 
2-985 

5- I04 
8-003 
2-551 
2-295 

+2-551 I 
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References to 

No. 

of f""' | ‘ 

Cata. SirJ.H/B SirW.n/s 


jlogue. Catalogues Cla^sos Authorities 1800, Jan. 0. Ascension used. 18G0, Jan. 0. 


of Nebula*, and Nos. 


h. II. 

j 1885, £/ 

1885 IIL554 


Annual Annual Total 

Right Pre(^ion No. North Polar Prec^on No. Summary Description from a 

Ascension in of Distance m of Comparison of all the ^^5? 

iojv/^T n Obscrrations, Remarks, Ac. 

BCO, Jan. 0. Aac-enaion u«cd. 18G0, Jan. 0. for used. by h. 

for 188(). 1880. and H. 


40201 

14021; 

14022, 

14023' 

k024| 

4025j 

|4026| 

|4027i 

4028, 

14029: 

;4030i 

14031 1 

j4032j 

14033; 

i4034| 

|4035i 

!4036| 

j4037 

14038 

,4039 

4040 

4041 

4042 
4043 ; 
14044 
4045, 
|4046| 
14047; 
|4048 
|4049 

14050 

14051 
14062 
i4053' 
4054; 
4055 
4056| 

4057 

4058 
4099 

4060 

4061 

4062 


III. 806 

1886 

1887 II. 676 

3583 

1888 11.677 

1890 III. 976 

1889 III. 691 

II. 683 

1891 • 

1893 III. 678 

1892 III. 131 

3584 

3585 

1895 I III. 679 

' 1895, «! i 

1894 I II. 5.39 { 

III. 311 ! 

3586 I 

3587 I. 71 

II. 756 j 

1896 1. 127 I 

1897 ^ 

III. 811 I 

1898 II. 756?i 

1898, « , 

3588 i 

3589 I 

1899 II. 540 

II. 332 j 

3590 j 

1900 i 


K. nova 14 46 50’9 

14 46 58-9 

ly Arrest, 98 14 47 33 

14 47 33-0 I 

14 48 52-2 I 

14 49 5*8 

14 49 57*8 

14 50 2*4 

14 .50 41-1 

14 50 51’7 

14 51 12*5 

14 51 21-5 

14 51 46*4 

14 51 48-3 

14 61 49-4 

14 52 5*8 

!i4 52 31-1 I 


R. nova 


R. nova 


III. 312 I 
II. 542 i 
11.541 


III . 511 


14 52 + i 
14 52 53-9 
14 53 0*6 
:14 53 11-2; 
il4 .53 28-2 i 
:i4 53 51-4 ; 
Il4 54 ^*4] 
!i 4 .54 15-4 
Il4 54 22-9 
|l4 54 299^ 
|14 .54 50-6 : 
>14 .55 2-0 I 
|l4 55 20-2 j 
|14 .57 2-4; 
14 57 32-3 ; 
|14 .57 32-5 i 
jl4 57 46 9 
jH 57 64-8 i 
114 .58 2l*.5| 
|l4 58 21-9 I 
14 58 41*7 I 
14 58 51-0 
14 59 1’9 


+.3-009 
3*009 
302 
I 1*555 
I .3*344 
2*229 
3*877 
2*227 
2*532 
3*382 
3*081 
1*979 
1-977 
2*534 
5*894 
4*224 
1-973 

1*973 
+3*034 
-0*023 
+.3*296 
3*185 
1*781 
3*037 
3*038 
1*784 
1*781 
1*781 
4*347 
4*409 
3*045 
0*165 
6*045 
+.3*675 i 

-0*262 

+ 3*030 
3-037 

3*755 I 

5*033 

3*036 


:: 85 

1 85 

[ 1 ] 86 

1 30 
1 106 

2 46 

1 1.31 

1 46 

1 I 59 
1 108 
1 90 

1 39 

1 39 

1 59 

1 jl6l 
1 I 141 
M i 39 
I : 
i *** i 39 
1 i 87 
I 1 I 16 

1 ! 103 

2 I 96 

2 i 35 
1 I 87 
i 1 87 

I 1 .35 

\ 1 35 

I :: 35 

1 1 143 

1 i]45 

( 1 )! 88 

2 I 17 

3 il62 

1 1122 
1 i 15 
1 87 

1 87 

I 2 125 

2 154 
I 87 


63 7-0 
63 7-0 

27 8 

26 66*7 
40 4*7 
52 39*0 

27 21*3 
56 4*2 
12 55*0 
42 27*1 

31 47*8 
44 42*1 

44 55*2 

28 16*9 

52 27*1 

21 29*4 

45 19-0 

45 + 

32 48*8 
24 35*3 

36 47*9 

53 29*6 

37 .32*1 

44 16*7 
49 46*1 
35 32*7 
32 4*1 
32 4*1 
47 24*0 

2 17-4 

14 41*0 

45 19*6 
19 4*3 
34 35*2 
.36 18*3 
21 21*6 
49 21*6 

47 8-4 
8 9*5 

46 20*4 


1901,0 i R. 2 nuva*? 14 59 + 


I, 128 


! II. 543 
III. 886 

III. 887 
II. 544 
II. 751 
II. 7i9 

IV. 71 


1909 i 
1909,01 


II. 198 
II. 585 
II. 684 
1.215 


II. 545 
II. 756 


: 14 59 23*6 

j D’Arrest, 99 14 59 29 
il5 0 2*6 

15 0 16*5 j 

15 0 16*51 

15 0 44*0 

16 1 1*8 

15 1 9-2 

16 1 14*4 

15 1 29-3 

15 1 87*4 

15 2 30*8 

16 2 36*1 

15 2 36*3 

R. nova 16 2 i 
D’Arrest, 100 16 2 41 

16 2 41-0 

16 6 10-7 


3*038 

3*03 

3*039 

2*848 

2*848 

3*021 

2*725 

2.*726 

2*746 

2*179 

3*265 

3*013 

3*057 

1-639 

1*639 

3-06 

3*057 

+ 1*792 


87 61 + 

87 50 41*8 
87 26 48 

87 54 47*6 
76 36 4*3 
76 36 4*3 
86 53 20*4 
69 64 1*8 
69 56 1*8 

71 1 0*6 

46 49 50*5 
100 46 50*6 
86 24 19-8 
89 0 6*5 
33 41 39-4 
33 42 + 

88 55 48 
88 69 26-6 
.36 56 21*6 


+ 14*91 : eF;2'ph. 1885 0 

14*90 1 F; pS; vmEl48°*4;gvlbM... 4 

14*87 [1] vF; pL; vlbM; ♦8*9p;225''s 0 

14*89 1 vF; vS; IE 1 

14*79 1 F; S; R; bM; #16 sp 1 

14*80 2 pB ; S : R ; smbM : stellar ... 3 

14*71 1:: F; niE; L* sf 1 

14*74 1 F;cS; RjpslbM ' 2 

14*70 1 eF,*pS;iF 2 

14*67 1 ipF; S; R; stellar 2 

14*66 1 IpB; pL; R;mblVI;cB«npatt 1 

14*67 1 ipF; S; vsbM*13; 1st of 3 ... 1 

14*64 1 IF; S; v8bM«13; 2n(l of 3 ... 2 

14*63 1 2 jF; S; R; vgbM; *iif(?var) ; 4* 

14*57 j 1 ieF; S; R; bM i 1 

14*58 ! 1 iCI; pL; pRi; 1C I 1 

14*60 ! 1 vF; vS; vsmbM«13; *6 nr;; 2 

I 3r(l of 3. 

14*60 I ... S 0 

14*56 I 1 !cB; cL; E l65°+;sbMN ... 2 

14*61 i 1 ivF; S; iR; bet2 8t ^ 1 

14*53 ! 1 ;vF; S; E; glbM * 1. 1 1 

14*52 i 2 jcB; S; R; svmb.M 4 

14*48 I 2 ipF; pS; IE; r 2* 

14*49 I 1 B; pS; R; psnibM 2 

14*47 ! I vF; vS; R 1 

14*49 ! 1 '’F; S; E 1 

14*47 j 1 B; R; sbM; splendid Jf ... 1* 

14*47 :: vF 0 

14*40 I 1 Cl; vL; Ri; 1C; st9...12 ... 1 

14*38 1 Cl; cL; Ri; ICM; stl3...14 1 

14*30 1 pB;S;mbM i 2 

14*32 1 pB; cL; ill; bp; r 2 

14*21 3 F; cS; IE; gIbAI; arast 3 

14*24 1 eeF(?) 1 

14*31 1 (!F;vS; 1E; 2etinv 1 

14*22 1 pB 1 

14*22 1 F r 

14*18 2 vF; S; IE; vlbM; r 2 

14*15 2 pB; pL; R; vgvlbM 2 

14*18 1 vF;R;pof2 1 

14*16 ... 2 of 6 • 


14*16 1 vB; pL; R; psbMN; fof2... 2 

14*16 [1] eF; S; v close Jf7' 0 

14*12 1 cF;S;tE;psbM 3 

14*11 1 eF;vS;npof2. 1* 

14*11 1 eF;vS;8fof2 1* 

14*08 3 pB; S; vIE; IbM; am It 5 

14*06 1:; oF; cS; E; pofDneb 4*t 

14*06 1:; pF; pS; E; fofDneb t 4t 

14*05 1 «6invLneb 2 

14*05 2 F; 8; R; psbM 2 

14*02 2 F;L;E;r *2 

13*96 3 pF;cS;ilE;gbM; «14r ... 4 

13*96 1 pB;S;iE ; 1 

13*99 1 vB; cL; pmE HS”*!); gbM... 2t 

13*98 ... vS 0 

1 3*96 [ 1 ] eF; H. II. 646, s 8’ 16" 0 

13*96 1 pF;S;E;j)sbM 6 

+ 13*82 1 pB; pL; IE 1 
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No. 

of 

Cata- 

logue. 

ReferenoeB to 

^ 

Right 

Ascension 

for 

1860, Jan. 0. 

Annual 

Precession 

in 

Right 
Ascension 
for 1880. 

No. 

of 

Obg. 

lued. 

Sir J. n.’s 
Catalogues 
of Nebiihu. 

SirW. H.»f 
C lasses 
and Nos. 

Other 

Authorities. 


li. 


H. 


h 

m 8 

8 


4063 

3593 

III. 736 


15 

6 3*3 

+ 3*312 

1 

4064 

1910 

11 . 757 


15 

6 9*4 

1*548 

1 



IT. 818' 


15 

6 27*0 

1*128 

1 

•tvUu 

3594 




15 

7 19*4 

4*0.19 

2 

4067 

3595 

III. 116 


15 

7 30*1 

3*238 

1 


1911 




15 

7 38*4 

2*199 

1 

4069 

1912 

III. 659 


15 

7 58-6 

2*198 

1 

4070 

1912 , a 



II. nova 

15 

8 18-6 

2*198 

••• 

4071 

1913 

11.678 


15 

8 29-8 

2*175 

1 

4072 

1 1913 , a 




H. 2 nova 

15 

8 + 

2*175 


4073 

/ 








4074 


II. 76.3 


15 

8 37-8 

1-3.53 

2 

4076 

3596 

VI. 19 


15 

9 22*4 

3*443 

1 

4076 

3597 

III. 138 


15 

9 53*3 

3*504 

1 

4077 

1914 

II. 650 


15 

10 0-6 

2*167 

2 

4078 

1915 

111.660 


15 

10 2*9 

2*162 

2 

4079 

1915 , « 



R. nova 

15 

10 2*9 

2*162 

... 

40R0 


III. 737 


15 

10 15-1 

1*863 

1 

4081 

3598 

111.139 


15 

10 24-3 

.3*505 

2 

40R2 


II. 7.18 


15 

10 56*2 

1*606 

1:: 

4083 

1916 



M.5 

15 

11 27*2 

3*028 

1 

4084 




R. nova 

15 

11 39 

1*563 


4085 


11. 7fi0 


15 

11 57*2 

1*606 

1;; 

4086 

1917 , « 



R. nova 

15 

12 + 

15*52 


4087 

1917 

II. 759 


15 

12 11*7 

1*552 

2 

4088 




R. nova 

15 

12 53 

+ 1*568 

.. 

4089 


III. 943 


15 

13 10*9 

—0*870 

1 

4090 


II. 400 


15 

13 15*7 

+ 2*681 

2 

4091 


III. 944 


15 

13 35*7 

—0*876 

1 

4092 

ri9i5'i 

1 3/iQQ I 

11U374 


16 

13 .38*5 

+ 3*109 

2 

4093 

3600 




15 

13 51*6 

3*297 

1 

4094 

3601 




15 

13 56*2 

3*200 

1 

4095 

3602 




15 

14 3*2 

3*194 

1 

4096 

1920 




15 

14 36*6 

2*018 

2 

4097 

1919 


I.i48 


15 

14 59-9 

2*975 


4098 

1922 

IU. 66 I 


15 16 12-3 

2*1.58 

(2) 

4099 

1921 




15 16 13-2 

2*156 

4 

4100 

3603 



A ^7 

15 17 16*2 

4*480 

3 

4101 

3604 



A 389 

15 17 56‘5 

4*300 

2 

4102 

1923 

11.374 


15 19 40*8 

2*729 

1 

4103 

1924 





15 21 5*7 

2*141 

1 

4104 

1925 

11.651 


15 21 8-7 

2*141 

4 

4105 


11. 130 


15 23 5-1 

2*825 

2 

4106 

r 19261 

1 3606 1 

11.401 


15 23 29'0 

3*116 

2 

4107 

V w 1 

3605 


- 


15 23 30'4 

5*466 

1 

4108 

3607 




15 25 20*2 

4*334 

2 

4109 


II. 906 


15 3-2 


1 

4110 


11.654 


1 K 1 7*7 

V OvO 

A 

1 

4111 

1927 


IB 178 


142 »§ 1/ / 

15 28 2‘2 

JS # OSf 

2*777 

1 

1 

4112 

*1927 


[1.179 


15 28 2*2 

2*777 

1 

4118 



11.899 


15 28 57*7 

2*483 

1 

4114 



tl. 761 


15 29 26*4 

1*445 


4115 

1931 

11.762 


15 29 57*4 

1*431 

(1):: 

4116 

1926 

II. 96 


15 80 6*8 

2*746 

1 

4117 

1981, ff 



R*mv« 

15 30 31*4 

+ 1*431 

.*. 
a • 


North Polar 
Distance 
for 

1660, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

No. 

of 

Obs. 

used. 

Summary Description from a 
Compansoii of all tlie 
Observations, Remarb, &c. 

Total 
No. of 
times 
of Obs. 
by h. 
and H. 

103 44 18*9 

+ 13*73 

1 

pB; pL; pmEO^; psmbM; ♦inv 

2 

32 27 30*8 

13*76 

1 

cB;S;E:nibMRN;r 

4 

26 30 47*5 

13*75 

1 

pF;.cS; R; vgbM 

1* 1 

135 7 30*2 

13*64 

2 

0 ; vS; R; quite sharp 

2t 

99 33 7*2 

13*64 

1 

F; cL; R; vgbM 

2 

48 14 58*2 

13*64 

1 

F; vS; R;bM 

1 

48 12 67*2 

13*64 

1 

cF; vS; R; bM; r 

2 

48 8 27*2 

13*62 

... 

vF; place from MS 

0 

47 31 15*0 

13*60 

1 

F; S; R; r; 3 8t nr 

« . 

47 31 + 

13*60 

... 

2 nova apparently connected. 

0 

29 40 9*0 

13*60 

2 

pF; pS; E 0®+ ...! 

2 

no 29 44*6 

13*52 

1 

0; pF; L; viR; vgbM; rrr 

2 

113 31 44*7 

13*49 

1:: 

F;S;R;gbM ' 

4 

47 26 25*3 

13*51 

2 

cB; pL; pmE; smbMN 

6 

47 16 49*0 

13*50 

2 

vF;S;vlE;gbM 

3 

47 17 + 

13*50 

... 

Close to 1915 pos 0° 

0 

39 12 .3*0 

13*60 

1 

vF; vS; stellar 

1 

113 V 3*5 

13*45 

2 

cF; S; R; gpmbM 

6 

34 0 29*5 

13*45 

1:: 

pF;pS;iR 

1 

87 23 8*7 

13*39 1 

1 

I!;0;vB;L;eCM;8tll.~15 

lit 

33 51 55 

13*39 

• • 

One of 2, 15' apart np & at... 

0 

34 6 26*7 

13*39 

1;: 

pF:pS;R 

1 

32 10 + 

. 13*38 

• • • 

A ray, vmE, par. to h. 1917 

0 

33 10 5*4* 

13*38 

2 

cB; vL; vmE 155°*0; 
vg, psbM^I. 

at 

34 2 31 

13*39 

:: 

One of 2, 15' apart np & at... 

0 

14 7 6*1 

13*37 

1 

vF; vS 

1 

68 36 53*4 

13*28 

2 

vF; S; er 

2 

14 7 4*9 

92 4 2*6 

13*33 

13*25 

1 

2 

vF; vS 

I 

vF;pL;vrE;r 

3 

102 34 48*6 

13*22 

1 

B; S; R; gIbM; p of 2 

1 

102 39 13*6 

13*22 

1 

F;S;lE;glbM;fof2 

1 

96 51 8*3 

13*21 

1 

eF; vS; psbM 

1 

43 36*42*0 

13*20 

2 

cF; L; pmE; gIbM; { 8 

2 

84 25 34*8 

13*16 

4 

cB;cL;iR;v8bM *12:80181 

5 

47 50 32*7 

13*09 

1:: 

eF;S 

2 

47 46 29*7 

13*09 

4 

vF; pL; vlE; vgbM 

4 

144 1 39*4 

12*98 

3 

CI;vL; vRi; IC; st 11...14.. 

3 

140 10 47*2 

12*94 

2 

©; cB;L; R; vgbM; rrr;8t 15 

2 

71 25 32*5 

12*85 

1 

pB; cS; R; psbM; *7 n 

2 

47 50 27*1 

12*77 

1 

vF; vS; sp of D neb 

1 

47 50 15*1 

12*77 

4 

pF; pS; R; nf of D neb 

6 

76 33 15*6 

12*62 

2 

F;pL;iR;vgbM:r 

2 

92 20 47*7 

12*59 

2 

pB; pS; R; vgbM;38tf. 

3 

156 22 34*9 

12*53 

1 

F; S;am8t 

1 

140 11 14*9 

12*43 

2 

0; cB; pL; R; vglbM; nr; 
8t l6. 

f 

24 45 29*8 

12*46 

1 1 

F;S;lE45®+;TglbM 

1 

74 32 25*2 

12*34 


F;pS:E150“+. 

1 

74 20 50*4 

12*28 

1 

pB; cS; p of Dneb 

4 

74 20 50*4 

12*28 

1 

pB;cS;fofDneb 

4 

60 51 21*6 

12*22 

1 

pF; pL; IR; bM;r 

1 

. • 

33 1 16*3 

12*21 

1 

pF;pS;i| 

1 

32 SO 58*1 

12»17 

1 


8 

72 55 86*2 

12*14 

1 

Bp; pL; ilE; gbM 

8 

32 46 22*1 

+ 12*14 

• • 

• • 

No description 

0 
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No. 
of 

Cata.|Sir J.H/s 
llogue. Catalogues 
' of Nebula. 


Beferonces to 


SirW.H. 
Classes 
and Nos. 


Other 

Authorities. 


Bight 

Ascension 

for 

1860, Jan. 0. 


Annual 

Precession 

in 

Bight 
Ascension 
for 1880. 


No. 

of 

Obs. 

used. 


North Polar 
Distance 
for 

1860, Jan. 0. 


Annual 
Precession 
in 
N.P.D. 
for 
1880. 


No. 

of 

Obs. 

used. 


Summaiy D^ription from a 
Comparison of all the 
Observations, Bemarks, ^ 


Total 
No. of 
times 
|of Obs. 
bvh. 
land H. 


4118 

4119 
14120 

4121 

4122 

4123 

4124 

4125 

4126 

4127 

4128 

4129 

4130 

4131 

4132 

[ 

4] 33 
4134 

4133 

4136 

4137 

4138 

4139 
14140 
4141 
;4142| 
|4143{ 

4144 

4145 

4146 

4147 

4148 

4149 

4150 

4151 
|4132| 
41531 

4154 

4155 

4156 

4157 

4158 

4159 

4160 
[4l6l 

4162 

4163 

4164 

4165 
4l66{ 

4167 

4168 

4169 

4170 

4171 

4172 
|4173 

'4174| 

141761 


h. 

1929 

1930 

3608 

3609 


H. 

II1V634 


1932 
1934, a 
3610 

1933 

1934, b\ 

1934 


3611 
1934 , cl 


1935 

1936 

1937 

3613 

1938 


3612 

3614 


3615 

1939 


1940 

1941 

1942 

1943 

3516 

3617 

3618 

1944 


1945 

1946 

^i9 

1947 


II. 76 


11.655 


II. 764 
IF. 656 
II. 765 
II. 766 


III. 378 
II. 425 
III. 635 
111.636 


ir. 97 
VII. 29 


111. 371 


II. 583 
III. 313 
11.657 


III. 739 


III. 646 
III. 73 


3620 

1948 

3621 
’3622 

1949 

3624 


3623 


III. 622 
III. 33 
II. 873 


III. 637 
III. 140 


III. 973 
III: 553 
III. 883 


III. 74 
III. 884 


III. 812 
HI. 889 


HI. 314 


R. nova? 


R. nova? 


A. 552 


R. nova 


A. 343 

A. 334 


A. 304 


A. 360 


A. 326 

m!*80 
’a'68 ' 


12*7 

20*1 


m 

15 .30 38-0 
15 30 48-4 
15 31 
15 31 
15 32 10*2 
15 33 25-5 
15 34 29-2 
15 34 53*7 
15 35 
15 35 .33-7 
15 36 18-6 
15 36 21-3 
15 36 24*1 
15 36 32-5 
15 36 53’4 

15 37 18'3 
15 38 47*1 
15 39 16-4 
15 39 29*9 
|15 39 S3*0 
15 40 38-9 
15 40 39*7 
15 40 56-1 
!l5 41 7-4 
15 41 11-3 
15 42 3*8 
15 44 34*9 
15 47 11*0 
|15 47 35*7 
15 47 49*1 
15 49 3*7 
15 49 24*0 
15 50 19*6 
15 51 5*5 
15 51 8*4 
15 51 50*9 
15 52 18*5 
15 56 43*3 
15 67 35*3 
15 58 43*2 
15 58 43*5 

15 58 49*9 

16 69 36*9 
16 0 51*0 

2 19*2 
2 40*3 

2 48*9 

3 32*5 

3 44*7 

4 5*4 

5 50*0 

6 3.3*5 

7 16*0 
7 18*1 

7 18*4 

8 41*9 


16 8 49*3 
16 9 64*3 


+2-953 

2*172 

7*159 

3*694 

2*834 

2*396 

1*214 

6*014 

2*769 

1*214 

1*214 

2*790 

1-306 

1*215 

3-904 

1- 214 
1*16^ 

3- 019 

2*103 

2- 102 
3*334 

2*709 

3*664 

4- 716 
3*684 

2*459 

4-796 

+3-054 

-0*483 

+2*772 

2*948 
0*892 
2*946 
2*742 
2-741 
5^056 
3*846 
4-641 
2-182 
+2-668 
-0*284 
+2*901 
2*066 
2*629 
+4*675 

-3*081 
+ 3*051 
- 0*266 
+3*922 

+ 2*713 
-0*147 
+*3*866 
4*936 
M99 
2*293 
+3*567 

-0*740 

+6*720 


1 

1 

4 

!• 

1 


83 

49 

165 

120 

77 

57 

30 

150 

73 

30 

30 

75 

31 
30 

127 


/ // 
33 9-7 
46 12-3 
13 11*1 

6 47*2 
24 9*7 
46 40*6 

6 57-2 

46 24*5 
45 35*7 
.« 46*2 
11 55*2 

20 47-7 

29 46*9 
13 46*6 
19 24*9 


30 14 28*0 
29 47 35*8 

87 8 64*4 
48 26 39*7 
48 26 5-4 

103 19 13-4 

71 40 24-0 
118 10 31-5 

146 2 39*3 

118 67 17*9 

60 54 51*7 

147 0 67*8 
89 1 64*3 

17 24 55-8 
74 69 59-1 
83 39 30-4 
27 16 50-0 
83 35 40*4 
73 42 40-9 
73 37 40-9 

150 6 0-6 

124 8 38*0 
143 38 28*8 

52 15 33-5 
70 16 11-9 

18 55 6-9 
81 31 23*2 
48 55 52*0 
69 4 1*0 

143 50 42*2 
10 38 44*0 

88 55 4*2 

19 13 44*8 

125 52 42*6 

72 56 51-5 
19 69 34-4 

123 53 2*9 
147 32 42*5 
32 8 30*2 
56 35 36*9 
112 37 34*1 

17 10 21*4 
161 51 61*0 


+ 12*09 
12*11 
11*97 
12-04 
11*99 
11*92 
11*76 
11*75 
11-79 
11*77 
11*74 
11*69 
11*73 
n*72 

11*63 

11*62 

11*56 

11*48 

11*49 

11*48 

11*38 

11-40 

11*35 

11-31 

11*33 

11*29 

11*06 

10*91 

10*96 

10*87 

10*78 

10*80 

10*68 

10*63 

10*63 

10*52 

10*50 

10-16 

10*15 

10*14 

10*13 

10*04 

10-00 

9*90 

9*74 

9-90 

9*74 

9-76 

9*65 

9*66 

9-68 

9*43 

9*35 

9*44 

9*33 

9*27 

9*38 
- 9*10 


0; vF; vL; R; v(;bM; rrr 
vF; S; R; gbM; 28t8 f..., 

F;pL:R:vgbM 

vF; L; R; gbM; r 

pF; pL; R; rr 

vF; vS; R; bM 

R; psbM (by diagram) .... 

I: O; pF;vS;R;r?anil50!)t] 

F; pS; E0° 

F; mE 

cB; S; R; psbM; r..., 
pB;S;El35“+;bM 
pF; cS... 
pB; cL; iE; r 
!; @; vB; L; R; vgbM;| 
8tl3...15. 

(? if not =11. 766) 

vF; vS 

vF;vS;R;gbM 

vF; vS; R; bM; epof 2 .... 
cF; vS; R; bM; nf of 2 .... 

eF; S; R; vS • p 

pF; cS; R; r; bet 2D8t.... 
Cl; pL; pRi; 8t vS 




Cl 


; pL; pKi; 

;L; pRi;i 


8t 12...14 


vF; S{ R; sbM 

vF;S;R 

Cl; pS; pRi; mC; st 16 
pF;S; E90° + ;gbM;r 
vF;S;E90“+;vS*f .. 

F;bet2B8t 

pB; pL; E 

vF; pL; R; vgbM 

■; vF; vS; R; g, smbM ... 

vF; S; IE; p of 2 

[eF; vS; IE; f of 2 

Cl; B; vL; pRi; 1C; at 7.. 

F; S; R; gpmbM; A of st np| 
CI;S;mC;8tll...l4 ... 

vF; S; R; *108f 

ieF;(?) 

;R;bM 

«7 in photosphere 

pF; vS; R; stellar 

vF; vS; r; pB«sf 

Cl; vB; vL; vRi;lC; stlO 

vF; vS; lEO®; r 

F; L; pmE; vgbM; r 

eF; vS 

pF; R; vgvlbM; r 

vF; S; r 

vF; vS 

|eF;S;E;lbM 

CI;B; L;lC;8t7...10 . 

vF; vS; IE : 

vF; S; R;bM 

I; ©; vB; L; vmbM(var«);| 
rrr;stl4. 

vF; vS;lE 

0; pF; L; IK; TgbM; rrr;| 
•tl4... 


It 

3 

1 

1 

2 

1 

0 

3t 

2 

0 

2 

1 

1 

1 * 

2 

0 

1 

5 

3 
2 
1 

4 
1 
1 
1 
1 
3 
3 
2 
1 
1 
1 
2 

3 

4 
1 
1 
4 
1 
1 
1 

3t 

1 

3 

1 

2 

1 

1 

2 * 

1 

1 

2 

1 

2 

2 * 

2 

3 
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References to 


Annual 


Annual 


Cata- Sir J. H.’s Sir W. H/» 
logue. Catalogues Classes 
of Nebiilap. and Nos. 


Right PreoeMion No. N^ Polar Prec^ion No. Summary Dccription from a 
AwonMon in of Dijtanco m of Comparison of aU the 


- Ascension in ol instance 

ntUp- for Right Obs. for 

Authorities -Ascenflion used. 1800, Jan. 0. 

for 1880. 


HT "n Aka IWIl W* tUJ. wio 

^*for ' ua^ Observations, Remarks, 4c. 


4176 1950 

4177 1951 

4178 1952 

4179 3625 

4180 1953 

4181 1954 

4182 1955 


III. 888 
III. 688 
II. 151 


II. 402 


lll.(i23 


4184 

4185 

4186 

4187 

4188 

4189 

4190 

4191 

4192 

4193 

4194 

4195 

4196 1 
4197/ 

4198 

4199 

4200 

4201 

4202 

4203 

4204 

4205 

4206 

4207 

4208 

4209 

4210 

4211 

4212 

4213 

4214 

4215 

4216 

4217 

4218 

4219 

4220 

4221 

4222 

4223 

4224 

4225 


M.4= 1 

B.A.C.6455 / 
A. 514 


11.810 
III. 891 


III. 624 


A. 412 


A. 536 


III. 740 
III. 892 
II. 811 
VI. 10 


III. 638 


16 10 18*4 
16 11 21*9 
16 11 58*8 
16 13 42*5 
16 14 31*8 
16 14 43*9 
16 14 50*5 


16 16 1*3 
16 16 4*4 
16 16 46*1 
16 17 20*5 
16 18*3*7 
|16 18 14*8 
il6 18 19*3 
!l6 18 23*5 
il6 18 42*4 
16 18 43-0 
16 20 20*8 
16 20 27*2 


1958, « 


R. 2 novae 16 20 + 


III. 639 


III. 680 
II. 690 


3633 

3634 

1961 

3635 

3636 

3637 

1962 
1962,« 

1963 

1964 

3638 
1964,0 


II. 652 
II. 647 


II. 875 


VI. 40 
III. 640 


III. 641 

111. 890 


A. 400 


Mechain 


K. nova 


R. nova 


II. 753 

III. 813 


III. 730 


A. 483 
A. 413 


21 10*4 
21 41*1 

21 49*9 

22 6*9 

22 34*5 
22 36*1 

23 0*8 
23 2*7 
23 22*7 
23 39*8 
23 50*4 

23 50*9 

24 7'3 
24 43*0 

24 58*0 

25 + 
25 18*7 
25 34*0 
25 36*3 

25 47*9 

26 37*0 
26 50*0 
26 50*4 

28 15*0 
28 18*6 

29 14*5 

30 29*3 
30 52*1 


4226 1966 III. 893 16 31 43*6 

4**7 1967 16 32 19*0 

4228 3643 16 33 50*3 

4229 3644 A. 442 16 36 6*6 

4*30 1968 M. 13, Hailey 16 36 41*2 


+2*322 

2*20^ 

2*911 

4*589 

3*114 

2*132 

2*133 


57 41 3*1 

53 56 19*0 
82 15 5*9 

141 36 46*8 
91 56 56*9 
51 52 57*9 
51 54 7*9 

116 11 11*1 

130 20 6-7 
32 2 48*5 
51 40 47*1 

138 49 29*1 

51 44 50*1 
128 .30 59*3 

24 17 36*7 

52 26 49*2 
34 34 35*2 

115 41 5*4 
48 44 41*0 
48 47 10*4 

48 47 ± 

49 13 2*9 

162 57 2*8 

142 18 59*3 
39 48 49*8 
4l 17 48*6 

1.50 18 1*9 
48 45 15*4 

50 13 17*4 
137 48 2*7 

137 51 20*8 
50 8 9*6 

139 27 48*5 
133 44 18*2 
102 44 17*3 

48 52 16*6 

48 52 + 

49 3 57*0 

54 38 1*1 

135 19 19-6 
54 35 11*1 
69 55 19*4 
34 9 56*7 

159 4 52*8 
54 21 40*8 
68 9 3^*2 

138 43 48*6 
133 5 18*9 
1.38 29 3*7 

50 41 28*4 

53 31 20*9 
137 11 50*2 

136 45 36*8 
53 16 19*4 


4281 1969 11.701 16 88 12*4 2*128 (1) 52 54 7*8 

4232 8646 A. 864 16 38 18*4 4*776 3 148 33 29*1 

4238 3648 16 38 28*8 + 7*082 1 162 20 32*0 


+9*17 

9*10 

9*03 

8*86 

8*83 

8*83 

^*83 


6*95 

6*87 

+6*80 



vF;S;R:vglbM 3 

vF;S;iR 3 

F; pi.; IE; vgbM; r 2 

Cl;eL;eRi 1 

vF; cL; cE45°+ ; r 2 

vF; eS; R 1 

vF; vS; R; J nf. 4 

f Cl; 8 or 10 L st in line.l ^ 

\ with 5 »t; rrr. j 

CI;B;L;pRi;ICM;st9...11 2 

pF; pS; IE 1 

eF;vS;R;lbM....; 1 

Cl ; cL ; pRi ; ICM ; st 1 3...1 5 2 

F;S;iR;bM 4 

B; pL; R; psbM; rr 4 

(.F; pL; iR 1 

eF; S; bM 1 

pB; iR; vgvibM 1 

Cl; cL; inC; gbM; rrr 2 

F; R; bM 1 

(•F;vS;R;bM 3 

2 novae, one eF; one S 0 

jvF; vS; R 2 

vF;vS;*9nr 1 

lCI;L;IC;8tL 1 

!vF;S;R;lbM;er 2 

pS; iF; gbM 2 

IpF; pL; vlE; gbM 2 

;cF;pL;R;gbM; r 3 

F; S; iF 2 

::eF;(?); Sfnr 1 

;F;cS;lE; vglbM; Sp 1 

i|)F; S; vIE; vgnibM 2 

,CI;L;lC;iF. 1 

|CI; f4 iVorwio! inv 1 

;0; L; vRi; vmC; R; rrr ... 2 

jeF; V>; R; bM 3 

I No description ; near h. 1 962 0 

lvF;vS;R 3 

|vF; pL; iE; rr; *nr 3 

ICl;B;S;stpL 2 

I No description; 4' nf 1964... 0 

IpB; pL; vIE; pgmb.M 2 

!vF;vS;iK 1 

ivF;eS;R;gbM 1 

;F;S;lf;gbM;*llnp 1 

|eF;vS;E I 

:: !; F; vL; viE; B*inv 1 

■Cl; cL; pRi; iR; ft ll.**i4.. 2t 

Cl; vL; IRi; 1C; rrr; 1 

F neb inv. 

vF; S; R; gbM; bet 2st ... 4 

vF;vS;8bM*12 1 

Cl; (in M. Way) 1 

Cl; pRi; eiCM; st 11...12... 2^ 

II: 01 e**; vgeCM; 14+ 
st 1 1 ...20. 

pB; pL; E 48®+ ; vgmbM... 2 
Cl; L; Hi; ICM; st 9... 12... 2 

vF; pL; vgvlbM 2 


MDOCCLZIV, 


B 
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SIB J. F. W. HEHSCHEL’S CATALOGUE 


^ Eeferenoes to , Aniuid . -o i 

No. Bight Procession No. North Polar 

of ~ ■ Ascension in of Distance 

Cats- Sir J, H.’s Sir W. H.’s ^ • for Right Obs. for 

logue. Catalogues Classes 1800, Jan. 0. Ascension used. 1800, Jan. 0. 

of NobuUe. and Nos. Authonties. 


Annual Annual 

Right Ob8. for N.P.D^ Obs. 

Ascension used. 1800, Jan. 0. for used. ** ^7^* 

for laSO. 1880. ond H. 


H. h m 8 s 

{ L.I SOSIo} '« 

16 39 3-5 +5-147 

1.280 16 39 16-1 -3-036 

...... A. 454 16 39 19-8 +4-308 

M.12 16 39 58-1 3-110 


1 65 ^6 10-0 +6-90 

1 148 44 47-7 6-79 

3 11 33 21-3 7*01 

3 134 28 15-7 6-79 

1 91 41 47-4 6-78 


16 40 39-6 5-171 2 148 58 2-1 

A. 456? '16 40 41-4 4-311 1 134 28 33-4 

D’ArresMOl |l6 41 24 0 72 [2] 28 9 18 

O’ Arrest, 102,16 41 47 0-68 ... 27 46 0 


16 41 51-9 


IV. 50 16 43 


II. 584 
III. 727 
III. 735 


A. 499 16 44 14-5 

16 45 1-0 

16 45 54-8 

16 46 0-4 

A. 520 16 46 3-5 

D’Arrc..t. 103 l6 47 1 

16 47 33-9 



16 47 40-8 +4-378 

III. 974 16 47 55-2 -6-988 

III. 975 16 47 58-3 -7-058 

A. 374? jie 48 3-0 +4-734 


16 49 47-6 



111.689 16 49 47-6 2-121 

16 50 8-6 4-032 

16 50 11-5 2-008 

A. 456 16 50 37-1 4-326 

r M.62 "I 

< = • > 16 52 18-7 3-810 

L A. 627 J 

III. 123 16 52 22-2 2*523 

A. 521 16 52 26-0 4-130 


1 1.30 58 41-7 

1 42 8 38-8 

1 131 33 37-7 

1 111 55 47-5 

1 48 1 25-6 

1 44 20 25-3 

2 129 16 12-2 

... 26 47 5 

2 134 33 17-6 

2 135 42 21-0 

1 7 9 «‘3 

1 7 5 59-7 

1 142 28 51-8 

3 93 52 6-8 

1 53 1 6 46-7 

2 126 53 32-3 

• 

1 50 9 37-8 

3 134 26 53-8 

5 119 53 42-9 

1 66 46 5.3-8 

2 129 30 46-3 


.M. 19 16 53 59-2 3-701 3 116 3 13-0 


A. 556 16 55 16-3 4-067 

III. 124 16 55 22-1 2-521 

III. 728 16 55 52*8 1-5.34 



1 127 40 56-4 

1 66 46 39-3 

1 39 51 36-0 


= y VI. 11 
665 J 

666 II. 195 


16 .55 5.5-3 3-661 2 114 33 37*9 
16 56 43-5 3-606 1 112 30 9*8 



= y\ VI. 12 17 1 28-2 3-716 2 116 23 13-1 

17 1 34-2 3-715 1 116 22 33-5 

D’An-e8t,104 17 3 40 0-57 [1] 27 21 64 

17 3 51*8 5-588 2 152 39 3-3 

V. 57 17 4 10-8 1-88.3 2 47 29 24-4 

1.147 17 6 40-2 3-803 2 119 17 18-0 


17 1 34-2 

D’Arrest, 104 17 3 40 

17 3 61*8 

IV. 57 17 4 10-8 


17 5 46-4 5-242 1 149 0 21*6 4-66 

D’Arrest, J06 17 6 3 0*73 [1] 29 3 64 4*69 

D'Arrest, 106 17 6 16 +0-71 [1] 28 49 64 +4-68 


, /O; vB; vS; R; disc and 1,.* 

* 1 border. / ^ 

1 pF; R; vglbM; ♦5p79* ... 1 

3 B; cL; IE; slblVI 3 

3 Cl; pS; pRi; pC; st 12... 16.. 3 

2 !I; ©; vB; vL; iR; gmbM; 7 

rrr; stlO... 

2 ©; pB; cL; R; glbM; rr ... 3 

1 Cl; vL; vRi; IbM; 8tl2...13 1 

[2] F; S; R; mbM 0 

... F; S; makes A with 2 S 0 
Btl2and 14 m. 

1 Cl; eL; eRi (in M. Way) ... 1 

1 vR; L; R; Disc + F,r, border 1 
1 Cl; B; cL; pRi; stio...l3 „ 1 

1 pB; cL; ill; rrr; st 14...16 .. 2 

1 cF;S;E90“ 1* 

1 eF; pS 1 

2 Cl; B; L; Ri;8t8.,.ll 3 

... F; pS; irr 0 

2 Cl; pRi; vIC; iF; 8tL& S... 2 

2 CI;L;lRi;lC;8t8...12 2 

1 cF;S;b.Vl;pof2 1 

1 vF;vS;fof2 1 

1 Cl; S; Aar; stl3 1 

3 I; ©; B; vL; R; gvmblVf; 7 

rrr; st 10...16. 

1 eF;cL;E90° 2 

2 ©; vF; vL; iR; vgbM; rrr; 2 

st 20. 

1 vF(?) 1* 

3 !; Cl; B; vL; vRi; stll... 2 

5 !; ©; vB; L; gmbM; rrr; Of 
st 14... l6. 

1 vF;pL;R;lbM 1 

2 Cl; B; pL; cRi; stlO 2 

2 ©; vB; L; R; vCM; rrr; 7 
st 16... red. 

1 Cl; L; pRi; 1C; st9...11 ... 1 
1 vF; stellar 1 ' 

1 yF;cS;iR.. 1 

2 0; B; L; R; gCM; nr; 3 

stl6. 

1 0; cB; L; R; gpmCM; rrr; 3 

8tl6. 

2 0; vB; L; R; psbM; rrr; 4 

st l6; F neb f. 

1 F; S; VgbM; 0p 1 

[1] vF; vS; R 0 

2 F; vL; vIE; am st; 2 st inv... 2 

2 F; stellar 2 

2 0; B; cL; R; 8,vglbM; rrr; 3 

stl6...17. 

1 vF;vS;R;glbM 1 

[1] pF; vS; R; •ISnr 0 

[l]P;pL;IE 0 
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No. 

of 

Cata- 

logue. 

Beferenoee to 

Bight 

Ascension 

for 

1860, Jan. 0. 

Annual 

Precession 

in 

Bight 
Ascension 
for 1880. 

No. 

of 

Obs. 

used. 

SirJ.n.*B 
Catalogues 
of Nebula. 

SirW. H.»s 
Classes 
and Nos. 

• 

Other 

Authorities. 


h. 

11. 


h m s 

s 


4279 

3671 

I. 45 


17 7 49*0 

+ 3*765 

2 

4280 

3672 


A. 522 

17 8 4-2 

4*140 

1:: 

4981 

3673 



17 8 45*0 

+ 4*279 

2 

4282 


III. 945 


17 9 14-5 

-2*000 

1 

4283 

3676 


17 9 30-9 

+ 3*643 

1 

4284 

3675 



17 9 41*6 

4*722 

2 

4285 

3674 



17 9 57*7 

+ 5*861 

2 

4286 

III. 951 


17 10 45*4 

-3*497 


ri979l 





4287 

^ = y 


M.9 

17 10 57*6 

+3*507 

2 


[3677 J 






4288 

3678 



17 11*31-9 

4-021 

2 

4289 

3679 



17 11 35-8 

3*828 

1:: 

4290 

3680 



17 12 40*1 

4*109 

3 

4291 


11.812 


17 12 40*7 

+ 1-011 

1 

4292 

1980 

11. 767 


17 12 44*i 

-1*062 


4293 

m 

1.149 


17 12 47*8 

+ 3-535 

1 

4294 


M. 92 

17 12 56*9 

1*840 


4295 

3681 

i. 46 


17 15 16*2 

3*719 

i 

4296 

3683 

I. 48 


17 15 23*2 

3*491 

1 

4297 

3682 



17 16 28-0 

3*960 

1 

4298 



D; Arrest, 107 

17 16 23 

0*61 

[1] 

4299 

^85. 



17 16 28*0 

3*827 

1 

4300 

3684 


A. 225 

17 17 23*3 

6*165 

2 

4301 



Auw. N. 36 

17 20 19*2 

3*184 

a • • 

4302 

ri98n 

1 I 

IV. 11 


17 20 50*4 

3*650 

2 

4303 

1 ouou ^ 

III. 137 


17 22 2*6 

2*412 

I 

4304 

3687 


17 22 58*1 

3*913 

1 

4305 

3688 



17 24 47*4 

4*142 

I 

4306 

3689 



17 25 34 1 

3*915 

3 

4307 

3690 


A. 457 

17 26 3*2 

4*380 

2 

4308 


11. 901 


17 26 3*6 

2*680 

1 

4309 

3691 


17 27 57*9 1 

* 6*657 

2 

4310 

3693 



17 28 51*0 

3*998 

I 

4311 

3692 


A. 366 

17 29 17-3 

4*871 

2 

4312 

3694 



17 29 48*6 

6*527 

1 

4313 

3696 


A. 568 

17 30 1*9 

4*067 

1 


09821 






4314 

1 f r 

I. 44 


17 30 6*9 

3*658 

4 


l3697j 







J 1983i 






4315 

1 I 


M.14 

17 30 16*0 

3*146 

2 

4316 

3695 



17 30 18*8 

5*528 

■ 1:: 

4317 

4020 

li.o.n. 


17 so 26*3 

3*939 

1 

4318 

3699 


M.6 

17 30 55*8 

3*905 

1 

4319 

3700 



17 32 15*0 

5*436 

1 

4320 



D’ Arrest, 108 

17 33 56 

+0*69 

[*] 

4321 


VI. 41 


17 34 7*6 

-2*177 

1 

4322 

3701' 


, ^ 

Aft A«1 


1 •* 

4323 

8702 


A.612 

5 / vO U I 

17 35 9*3 

3*912 

2 

4324 

8702' 





1 

4325 


11.587 


3 f wU tiv X 

17 37 53*6 

w 80/ 

■f 8*997 

1 

1 1 


North Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

No. 

of 

Obs. 

used. 

Summary Description from a 
Comparison of all the 
Observations, Bemarks, Ac. 

Total 
No. of 
times 
of Obs. 
byh. 
andH. 

117 58 27*9 

+ 4*43 

2 

0; cH; pS; II; gvtnbM; rrr; 
8tl6...17. 

4 

129 17 11*4 

4*38 

1:; 

Cl; pL; Hi; R; gbM; 
8tl2...*14. 

1 

132 43 29*9 

4*33 

2 

Cl; vL; pRi; 1C (* nf taken) 

2 

14 23 21*1 

4*47 

1 

vF; S; E; S*8 

1 

113 35 51*4 

4*28 

1 

pF; L; R; rr 

1 

141 35 30*9 

4*23 

2 

lIl;0;pB;vS;R 

3t 

154 61 25*4 * 

4-18 

2 

vF; vS; vlE; glbM 

2 

11 12 41*4 

4*38 

1 

eF;S 

1 

108 22 59*8 

4*16 

2 

0; B; L; R; eCM; rrr; 8tl4 

6 

125 54 62*0 

4*10 

2 

cF; vL; icE; vglbf; * 8 iuv . 

2 

120 0 3*0 

4*10 

1:: 

Diffused neb in patches 

1 

128 20 0*0 

4*00 

3 

!II; 0; eF; S; aiuSt| 

3t 

32 24 7*4 

4*08 

1 

F; S; R; vglbM 

1 

17 32 6*2 

4*14 

1 

cF; pL ; R ; vgmbM 

2 

109 26 12*0 

4*00 

1 

cB;pS;lE;er 

1 

46 43 31*2 

4*04 

• • • 

0; vB; vL; eCM; rrr; stS.. 

8* 

116 12 43*4 

3*78 

1 

cF; L; R; gbM; rrr 

2 

107 40 23*4 

3*78 

1 

0; vB; cL; vgvmbM; rrr; 
st 20. • 

3 

124 3 6*8 

3*76 

1 

F;L;E; VglbM; ^inv 

1 

28 4 54 

3*77 

LI] 

pB; S; R; bMN = *12 

0 

119 51 37*1 

.3*67 

1 

Keb in patches (M. Way) ... 

1 

156 55 47*9 

3*53 

2 

0; cB; L; vgmbM; rrr; 
8tl4...17. 

2 

94 57 2*0 

3*37 

• • a 

F ; L ; vlbM (Winiiecke, 
April 12, I860). 

0 

113 37 47*3 

3*21 

3 

!!;';pB;S;ll 

5*t 

63 25 22*2 

3*24 

1 

vF; pL; iF 

1 

122 28 48*3 

3*11 

1 

Cl; S; P; B*inv 

1 

128 58 1*5 

2*96 

1 

eF; pS; IE; *9att 

2t 

122 28 38*7 

2*89 

3 

Cl; 8t 6*7, 13 

2 

134 38 32*2 

i 

2*84 

2 

0; vB; L; R; pg.psvinbM; 
rrr; st 17... 

o 

73 29 2*4 

2*88 

1 

F; S; IF; er 

1 

159 41 19-0 

2*60 

2 

cF;S; RiglbM; *138P ... 

2 

124 54 49*0 

2*60 

1 

CI:pL;IRi;lC 

1 

143 35 5*2 

2*54 

2 

0; B; vL; Ri; stl3 

3 

151 36 5*1 

2*47 

1 

eF; S; R; pof2 

1 

126 51 8*0 

2*50 

1 

Cl;pL;pRi;iR;st9...10... 

1 

113 48 55*0 

2*50 

4 

pB; pL; R; ♦12finv 

6 

93 9 25*0 

2*50 

2 

I; 0; B; vL; R; eRi; 
VgmbM; rrr; stl6...l6. 

7 

151 36 3*9 

2*43 

1 

eeF;fof2 

1 

123 9 16*8 

2*46 

1 

Cl; F; L; pRi; 1C; 8tl3...15 

1 

122 7 4*9 

2*43 

1 

Cl;L;iR;lC;8t7,10 

4 

150 39 39*1 

2*27 

1 

eF; S; R; 38tijr 

2 

29 6 12 

2*26 

* — 

1 

vS; gbM 

0 

14 11 11*9 

2*33 

1 

0; cL; U; vgbM; rr 

1 

124 S6 32*1 

2*07 

1 

Nebulous portion of M. Wav 

1 

122 17 0*5 

2*06 

2 

CI;vL;Ri;lC 

■■ 2 

123 37 33*2 

1*94 

1 

Cl; vL; pRi; 8t8...12 

1 

86 44 25*6 

+ 1*85 

1 

F; cL; IF 

1 


b2 
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SIR J. F. W. HERSCHEL’S CATALOGUE 


No. 

of 

Cata- 

logue 

Bofercnces to 

Bight 

Asoension 

for 

1860, Jan. 0. 

Annual 

Precession 

in 

Eight 
Ascension 
for 1880. 

No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1800, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

No. 

of^ 

Obs.^ 

used. 

Summary Description from a 
' Comparison of all the 

Observations, EemarlcB, Ac. 

Total 
No. of 
times 
of Obs. 
by h. 
and n. 

Sir J. H/8 
Catalogues 
of Nebulte. 

:SirW.n.’« 
Classes 
and Nos. 

Other 

Authorities. 


h. 

IL 


h in s 

8 


0 • 





43^6 

3703 



17 37 56*4 

+ 3-887 

1 

121 27 68*6 

-1-1*82 

1 

Cl;pS;lRi;lC;8tl0...12 .. 

1 

4327 

1984 



17 38 46'0 

-i- 3*689 

1 

114 49 5D5 

1*75 

1 

CI;»tvS 

1 

4328 

1987 

III. 741 


17 39 11*8 

— 1*069 

1 

17 49 22*7 

1*69 

1 

vF; vS; R; stellar; «8s 

2 

4329 

3704 


17 39 39*5 

-h4*019 

1:. 

125 22 49*8 

1*66 

1:: 

Cl; F; eL; \S«t+ueb 

1 

4330 

3701 



17 39 43’4 

19-744 

1 

175 24 24*0 

1-20 

1 

pB; B; vjtbM 

1 

4331 

1985 

i. 150 


17 40 32*5 

3*565 

1 

i 110 18 21*0 

1*60 

1 

pB;pL;R;bM !... 

3 

4332 

3705 


A. 557 

17 40 41-6 

4 077 

2 

127 0 0-1 

1*57 

2 

0; vB; pL; R; vgmbM; 

2 











rrr; at 18.. .20. 


4333 

1986 

ir. 586 


17 40 54*7 

§•557 

2* 

109 58 3-8 

1*56 

2 

pB; p.S; R; gbM; r; «15np 

3 

4334 

3706 


A. 597 ? 

17 40 55-0 

3*999 

1:: 

124 48 46-5 

1-55 

1;: 

Cl; vL; vRi; at 12... 13 

1 

4335 

3707 

VI. 13 


17 41 40-5 

3*847 

2 

120 10 12*7 

1*49 

2 

Cl; pL; pRi; bifid; 8tl2... 

3t 

4336 

3708 



17 41 597 

3-991 

1 :: 

124 34 43-8 

1*46 

1:: 

cL; iR; paibM; r 

1 

4337 

3709 



17 42 37*5 

4*018 

1 :: 

■ 125 20 42-0 

1*40 

1:: 

Cl; rr; steS + neb 

1 

4338 

1988 



17 44 16’8 

3-705 

1 

115 21 32*1 

1-27 

1 

eF;S:(?) 

1 

4339 

3711 



117 44 i>0‘7 

3-620 

1 

112 18 23-5 

1-25 

1 

Cl; pRi (in M. Way) 

1 

4340 

3^0 


^M.7 (Lacaille) 17 44 39*6 

3*999 

1 

124 46 37*9 

1-23 

1 

Cl; vB; pRi; IC; 8t7...12 ... 

3 

4341 

3712 



17 44 54-5 

3*815 

1:; 

119 5 36*3 

1-21 

1:: 

Neb or nebulous patch of M. 

1 









Way. 


4342 

3713' 



17 45 36-6 

.3*855 

1 

120 23 56*5 

1-15 

1 

Neb or nebulous patch of M. 

It 











Way. 


4343 

1989 



17 45 57-6 

2*502 

1 

66 63 15*5 

1-15 

1 

!; vF; S; R; vsvmbMvSRN. 

It 

4344 

3713 



17 46 1-3 

5*767 

1 

153 38 2*5 

1*05 

1 

F; S; E; b.VI; bet2stl0 ... 

1 

4345 

3714 ^ 



17 48 31-2 

6*132 

1 

156 24 42*9 

0*83 

1 

|)F;S;pmE90®; *12^311.,. 

1 

4346 

1990 


‘m.23 ' 

17 48 40-9 

3*532 

3 

108 59 43*7 

0*89 

3 

Cl; B; vL; pRi; 1C; 

6 











819*10, 11...13. 


4347 

3715 


A. 460? : 

17 48 51*4 

4*372 

2 

134 1.3 52*2 

0*84 

2 

Neb -1- Cl; pL; niE; guibM... 

2 

4348 


III. 957 

' 

17 49 25'1 

2*631 

1 

71 42 59-5 

0*85 

1 

vF; vS;pof2 

1 

4349 


III. 958 

j 

17 4Q .1M 

2*629 

1 

71 38 58-5 

0*85 

1 

vF; vS; Vof 2 

1 

4350 

3716 

!i7 .^0 20-0' 

5*991 

2 

1.55 23 58-1 

0*67 

2 

vF; vS; f ♦ of { inv 

2 

4351 


AUW.N.37 ■ 

17 50 54-1 

-0*638 


19 49 l‘^'-3 

0*81 


pF; L; iiiE(Auwer8, July 22, 

0 











1854). 


4352 

3717 



17 .'ll in-fi 

■f 3*685 

1 

114 38 24*1 

0*67 

1 

CI;Ri:eL;vIC 

1 

4353 

VIIL 53 

17 r>i rKt-rt 1 

3*491 

1 

107 23 18-2 

0*64 

1 

CI;pS:IRi;lC 

1 

4354 



D’ Arrest, 109 

1 

17 53 43 

0*49 

[2] 

27 20 24 

0*53 

[2] 

vF; R;l!.tof3 

0 


pgsn 

fIV.41 1 




4355 

i = > 

V.10,| 

> M.20 

17 53 51*8 

3*640 

3 

113 1 39-9 

0*43 

3 

!!!; vB; vL; trifid; 2 inv ... 

M MoB-t 


Iwj 

1 11,12 

j 









4356 


' 

D’Arrest. 110 17 54 9 

0*48 

r2i 

27 18 30 

0*50 

[2] 

vF; vS; 2nd of 3 

0 

4357 

3719 

II. 199 

17 fiil 151.Q 

3*282 

2 

98 56 37-3 

0*41 

2 

i)B; pL; R; rr 

3 

4358 

3721 

VII. 7 

I 

1 

17 54 36*4 

3*779 

1 

117 53 .32*8 

0-36 

1 

CI;pS;Ri;lC;8t9...13 ... 

3 

4359 

3720 

I. 49 


17 54 .37-2 

3*845 

2 

120 1 29*8 

0*36 

2 

0; B; pL; R; gvmbM; rrr; 

3 











8tl6...17. 


4360 



LV A Treat, 111 

17 54 38 

0*44 

r2i 

27 22 0 

0*46 

2 

F;pL;3rdof8 

0 

4361 

3722 


M.8 1 

17 55 17-9 

3*677 

L* J 

3 

114 21 15*3 

0*31 

3 

t!t; vB; eL; eiF; with LCI... 

8H9ii,t 

4362 

1992 


1 

17 55 27*9 

2*811 

1 

78 57 6*6 

0*32 

1 


1 

4363 

V. 9 

1 

17 55 39-8 

3*652 

1 

113 27 28*4 

0*28 

1 

F;L;cE 

1 

4364 

3723 

11.200 

i 

17 55 51-7 

3*846 

2 

120 3 24*5 

0*26 


0; pF; cS; R; gbM; 

3* 











rrr; at 16... 17. 


4365 

3724 


A. 569 

17 56 1*6 

4*054 

1:: 

126 18 6*9 

0*23 

1:: 

Cl (in M. Way) 

1 

4366 

3725 


17 56 6-0 

3*677 

2 

114 19 58*9 

0*23 

2 

Cl; B; L; pRi; vLnebp ... 

2 

4367 

1993 


■ M.21 

17 56 13-8 

.3*626 

1 : 

112 30 8*6 

0*22 

1 

Cl;pRi;lC;8t9...12.... 

2 

4368 

V. 13 


17 56 32*3 

3*692 

1 

114 53 2.3*7 

0*19 

1 

eL:eiF:8tf 

!• 

4369 



Auw. N. 38 

17 56 38*5 

3*076 


90 17^4*9 

0*20 

... 

pF; vS; vSneb«p (Hind, 

0 











Ap. 1852). 


4370 



Auw. N. 39 

17 57 15*0 

3*247 

... 

97 34 58*4 

0*15 


(Bromen, 1856.) No descrip- 

0 











tion. 


4371 


II. 198 


17 57 27*3 

3*778 

1 

117 49 20*6 

0*12 

1 

dF: S: iE: or or Cl 

1 

4372 

3726 

A. 473 

17 57 50*9 

+ 4*350 

2 

133 43 25*8 

0*06 

2 

0; 11; R; eC; gbM; rrr; 

*• 











8tl5...l6. 


4373 


IV. 37 


17 58 20*0 

- 0*023 

1 

23 22 9*5 

-f0*15 

1 

O : vB* pSi abMvSN-. ....... 

1 

4374 

1994 

II. 197 


17 58 42*4 

+ 3*696 

1 

115 0 52*0 

0*00 

1 

cF; pL; IRt r 

9 




OP nebulj: and clusters of stars. 
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Beferenoesto 


iQitf- Sir J. H.’b 
C ataloguoB 
of Nebula:. 


SirW.H,’ 
CIoBsea 
and Nob. 


Other 

AulhoritieB. 


Bight 

ABCoiuion 

for 

18(i0, Jan. 0. 


Annual 

Precession 

in 

Right 
Aacension 
for 1880. 

No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

N 

of 

Obs. 

used. 

Summary Description from a 
Comparison of all the 
Observations, Remarks, Ac. 

Total 
No. of 
times 
of Obs. 
by h. 
and H. 

+ .W88 

1 

153 47 28*2 

-0*06 

1 

eeF;eeS;H 

It 

3*646 

1:; 

113 14 0*0 

0*00 

1:: 

Cl;vL;vRi 

1 

2-624 

1 

71 27 7*8 

-0-04 

1 

cF;S;IE;r 

1 

3*722 

1 

115 66.17*6 

0*18 

1 

0; F; L; IE; vglbM; rr; 
8t 20. 

3 

3-518 

1 

108 26 46*6 

0*18 

1 

CI;pRi;vlC;8tL&S 

1 

3*769 

1 

117 32 31*7 

0*21 

1 

F; vL; cE; IbM; rr 

1 

8*690 

1 

166 36 39*2 

0*36 

1 

vF; vS; R; glblVi 

1 

3*900 

3 

121 46 50*4 

0-22 

3 

0; pB; pL; R; glbM; rrr; st 16 

3 

2*649 

1 

72 25 54-3 

0-19 

1 

F;L; R;vgIbM 

1 

3*671 

2 

114 7 30*1 

0*23 

2 

vF; vL; IE; J inv 

2 

3*476 

1 

106 48 57*7 

0-31 

1 

Cl; L; 1C; stcL 

3 

3*970 

1 

123 53 29*2 

0*36 

2 

0; F; L; cE; hazy border... 

2 

1-34 

[1] 

37 44 0 

0-38 

[1] 

eF; vS; R; *16 nr 

0 

3*602 

2 

111 37 33-6 

0*48 

2 

Cl; vL; 1C 

3 

.3*902 

3 

121 51 0*7 

0*51 

3 

©; cB; L; R; rrr; st 15 

5 

2-9U 

1 

83 10 53*5 


2 

0; vB; vS; R; 1 hazy 

3* 

3*617 

1: 

112 10 47*6 

0-58 

1 

Cl; St vS 

1 

3-616 

2 

112 10 21*5 

0*75 

0 

Cl; pRi; pC; cE; st 13 

3 

4*797 

2 

142 15 13*3 

0*79 

2 

©; cB; cL; R; gmbM; rrr; st 1 5 

2 

5*793 

1 

153 51 18*2 

0*86 

1 

eF; S; *6, sp 

1 

.3*529 

1 

109 65 8*6 

0*88 

3 

F; pL; cE; J inv 

3t 

3-473 

1 

106 41 22*1 

0*93 ■ 

1 

Cl; 1C 

! 2 

3*518 

2 

108 28 7*3 

•0*99 

a ' 

1; Cl; vRi; vmC; R; st 15 
(M. Way). 

4* 

3*.363 

1 

102 17 10*3 

0 99 

1 

Cl;lUi;lC 

2 

3*429 

1 

104 59 37*7 

1*01 

1 

Cl;lRi;lC;stl0...12 

1 

3*401 

1:: 

103 50 2*2 

1*06 

1 

Cl; at least lOOst L & S ... 

3 

3*485 

1:: 

107 11 8*1 

1*13 

1 

Cl; P; vie y 

4 

5*724 

2 

153 17 47*0 

1*20 

•.> 

vF; S; R; gvlbM; *9p 

2 

3*460 

2 

106 13 36*0 

1*20 

o 

!!!; B; eL; eiF; 2-hooke(l... 

9t 

3*855 

3 

120 25 26-0 

1*40 

3 

©; vB; pL; R; rrr; st 16 .. 

4 

3*368 

•1:: 

102 5 58*8 

1*44 

1 

lC;lRi;lC;8t 11...12 

1 

3*692 

2 

114 56 30*0 

1*50 

2 

1; 0; vB; L;R;geCM; rrr; 
st 14... 16. 

8 

3*645 

1 

113 16 30*4 

1*62 

1 

0 or 0; pB; eeS; R 

2 

5*726 

1 

153 22 22*5 

1*85 

1 

ipF; S; R; gbM 

1 

3*358 

1 

102 6 42*3 

1*79 

1 

!Cl;pL;pRi:8t 12...15 

1 

2*921 

1 

83 31 15*3 
123 30 27*3 
122 26 33*5 

1*89 

1 

|CI;lC;stL 

iSee No. 5076 

3 

0 

3*917 

3 

2*05 

3 

0; B; L; R; rrr; st 14...16 

4* 

3*708 

1 

115 34 55*5 

2*06 

1 

0; B; S; R; rr 

2 

3*385 

1 

103 15 12*7 

2*11 

1 

Cl (in M. Way) 

1 

+ 3*661 

3 

113 33 57*5 

2*15 

3 

0; pB; pL; iR; gpmbM; irr, 

st l6. 

4 

-1*719 

• •• 

15 29 47*7 

2*01 

... 

!I;pB;pL;E50°; 2 stp For. 

0* 

+8*477 

1 

106 59 3*8 

2*24 

1 

^ . 

Cl; pL; vRi; pC; st 11... 15 

2 

1*967 

1 

50 14 52*8 

2*24 

1 

F; S; IF 

1 

3*488 

1:: 

107 26 8*3 

• 2*29 

1 

Cl;L;Ri; lC;8tvS. 

2 

0*880 

• •• 

25 5 44*2 

2*20 

**• 

8 ; pniE; inv (S. neb No. 7) 

0 

3*317 

1 

100 29 32*8 

2*34 

1 

Cl;P;lC;pS;8t9‘10,18...13 

1 

+S*9S6 

4 

123 5 5*1 

-2*43 

4 

B; S; IE; rrr; at 15 

5 


4375 

4376 

4377 

4378 


h. 

3727 

3729 

3730 


4384 

4385 

4386 

4387 


4388< = 


\ 


4398 

4399 

4400 

4401 

4402 

4403 

4404 

4405 

4406^ = 


4416 

4417 

4418 

4419 

4480 

4481 


3751 

3758 


H. 


III. 555 

IV. vz 



II. 902 


VIII. 54 


VII. 30 
II. 201 


4392 VII. 31 




1. 50 



I. 51 


= > 11.205 


VI. S3 

11.907 

I VIII. 14 



D’Arrest, 112 


A. 619 

2.6 


A. 376 


M. 24 


M.M6 
M. 18 

M .17 


M. 28 

M.69=A.6l3] 


Auw. N. 40 

Auw.‘n.41 

"iii’eof* 


h m B 

17 58 4.V8 
17 58 47*5 

17 59 391 

18 0 44‘2 

18 0 50-8 
18 1 9-8 
18 1 11*4 
18 1 12*2 
18 1 18*7 

18 1 23*9 

18 2 24*7 
18 2 47*5 
18 3 51 

18 4 20*6 

18 4 33*3 
18 5 17*8 
18 5 23*5 

18 7 24*1 


18 

18 

18 

18 


7 24*6 

7 56*9 

8 47*2 

9 28*2 


18 10 13*7 


18 
18 11 
18 11 


18 10 14*2 
18 10 20*9 
10 57*0 
44*6 
45*3 
18 12 33*1 
18 14 41*9 
18 15 20*7 

18 16 55*4 


13*4 

12*0 


18 17 
18 19 

18 19 23*4 
18 20 43*1 
18 20 44*6 
18 22 13*2 
18 22 16*6 
18 23 4*6 

18 23 24*2 

18 23 35*4 

18 24 31*5 
18 24 55*8 
18 25 4*6 
18 25 4*9 
18 25 44*1 
18 86 38*0 
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No. 

Beferenoee 

of 

Cata- 

Sir J. H.’8 


lo^e. 

Catalogue 

Clasaea 

O 

of Nebul». 

and Nos. 


h. 

H. 

4422 

3750 


4423 




f2015l 


4424 




L3753J 


4425 

2016 


4426 

3754 

vm. 12 

4427 

3755 


4428 

3756 


4429 

2017 


4430 

2018 


4431 

3757 


4432 

3758 


4433 

• •• •• 

VI. 15 

4434 

3759 


4435 



4436 

3760 


4437 

2019 


4438 

3761 


4439 

4021 

h. 0. D. 

4440 

2020 


4441 

3762 

I. 47 

4442 

3763 


4443 

2021 



r2022l 


4444 

i = ^ 

III. 143 


L3766J 


4445 

3764 


4446 

3765 

f 

4447 

2023 

{ 

4448 

3767, 


4449 

3768 


4450 

3770 


4451 

2024 

..a... 

4452 

3769 


4453 


VIII. 13 

4454 

3771 


4455 

3772 

a»s see 

4456 

zm 


4457 

2025 


4458 

3774 


4459 

2026 


4460 

1 2027 


4461 

3775 


446s 


III. 742 

446s 

1 2028 


4464 

i 3776 


4461 

i 3777 


446i 

> 2029 

•ah«ee 

4461 

r 3778 


4461 

i 3779 


446! 

) 3780 


4471 

} 2030 

VH. 19 

447] 

1 2031 

VII. 62 

447i 

1 3781. 


4471 

1 ..;... 

• 


Other 

Authorities. 


Kght 

Ascension 

for 

I860) Jan. 0. 


Annual 

Precession 

in 

Bight 
Ascension 
for 1880. 



h in 8 

18 27 8*1 

+7*511 

1 

163 22 49*3 

-2*59 

Auw. N. 4S 

18 27 19-3 

3*210 

... 

96 4 46*7 

2*45 

M.22 

18 27 62-1 

3*662 

4 

114 0 25*8 

2*54 


18 28 5*5 

2*496 

1 

66 32 22*1 

2*63 


18 29 5-1 

3*266 

1 

98 20 0*1 

2*63 


18 32 2-0 

5*603 

2 

152 25 36*5 

2*95 

M. 70= A. 614 

18 34 4*9 

3*910 

3 

122 25 12*6 

.3*08 

18 34 9*9 

3*185 

1 

94 53 29*9 

.3*07 


18 34 4i*l 

3*219 

1 

96 21 12*4 

3*12 


18 .35 9*5 

5*941 

2 

155 19 18'8 

3*24 

M. 26 

18 37 32*6 

3*293 

1 

99 31 57*9 

3*37 


18 39 37*8 

3*715 

1 

116 3 40*2 



18 40 6*8 

5*131 

1 

147 27 46*8 

3*64 

Auw. N. 43 

18 43 18*8 

3*192 

... 

95 22 6*4 

3*86 


18 43 36*6 

5*679 

1 

153 19 39*2 

3*96 

M.11 

18 43 37*2 

3*219 

2 

96 26 7*6 

3*88 


18 44 2*1 

4*873 

2 

143 58 46*9 

3*97 


18 44 18*1 

4*866 

2 

143 53 19*3 

399 


18 44 52*5 

2*8,36 

1 

79 49 0*6 

3*98 


18 45 29*2 

3*276 

1 

98 52 8*5 

4*05 

M. 54= A. 624 

18 46 6*2 

3*846 

3 

120 38 29*7 

4*11 


18 46 17*5 

3*549 

1 

no 4 8*1 

4*13 


18 46 39*8 

3*623 

2 

112 52 17*2 

4*16 


18 47 25*9 

6*042 

2 

156 17 14*0 

4*30 


18 48 2*6 

6*430 

1 

158 47 1*2 

4*36 

M.67 1 
D’Arquier j j 

18 48 20*1 

18 48 51*4 

2*228 

5*153 

2 

1 

67 8 57*2 
147 56 49*3 

4*26 

4*39 


18 49 59*0 

5*874 

1 

155 5 21*7 

4*51 

A. 673 

18 50 5*5 

4*047 

1 

126 48 46*9 

4*47 


18 50 25*1 

2*838 

1: 

.79 49 16*2 

4*46 


18 50 261 

4*871 

1: 

144 7 32*7 

4*51 


18 52 20*9 

3*281 

1 

99 7 33*8 

4*64 


18 52 32*0 

1 6*472 

1 

159 6 45*8 

4*74 


18 53 15*0 1 

5*552 

1 

152 23 37*6 

4*78 


18 53 29*2 

5*938 

1 

156 39 40*7 

4*81 


18 53 33*1 

3*086 

1 

90 39 5*1 

4*73 


18 53 44*6 

5*934 

1 

155 38 10*4 

4*82 


18 53 59*2 

3*512 

1 

108 44 8*6 

4*78 


18 54 50*0 

2*810 

1 

78 36 18*1 

4*83 


18 55 7*2 

5*463 

2 

151 34 23*8 

4*94 

D’Afresi) 113 

18 55 32*0 

1*618 

1 

41 45 14*2 

4*86 

* 

18 55 58-2 

2*351 

1 

60 55 35*4 

4*92 

A. 262 

18 56 26*8 

5*730 

2 

154 3 58*5 

5*05 


18 57 31*7 

5*518 

1 

152 10 36*1 

5*13 

18 57 56*6 

3*035 

1 

88 25 11*0 

5*10 

A. 295 

18 58 28*0 

5*324 

5 

150 11 49*7 

5*21 

18 59 37*5 

5*085 

1 

147 15 30*0 

5*30 


19 0 33*6 
19 0 5»5 

4*653 

2*981 

2 

3 

140 51 32*9 
85 59 17*5 

5*37 

5*35 


19 1 46*5 

2*971 

2 

85 32 43*1 

5*43 


19 i 15‘9 

5*014 

1 

146 82 24*1 

5*53 

Auw. N. 44 

19 4 4*8 

+3*051 

Au 

89 11 31 ’ 

-5*62 


No. 

of 

Obs. 

used. 


North Polar 
Distance 
for 

1860, Jan. 0. 


Annual 

Precession 

in 

N.P.D. 

for 

1880. 


No. 

of 

Obs. 

used. 


Sununary Description from a 
Comparison of all the 
Observations, Bemarks, Aa 


Total 

Na«f 

tiines 

lofObs. 

tyh. 

tdE. 


vF;S;lE;glbM 

pF; vS; E (Wiunccke, Junel 
1855). 

4 , JI; 0; vB; vL; R; vRi; vmC;] 
St 11. ..15. 

C1;P;IC 

CI;L; pRi; vie 

pF; S; R; pabM; r 

0;B;pL:R;gbM;stl4...17 

Cl;L;Ri;8tl0...18 

Cl; vRi; vlC (in M. Way). 
vB ; pL ; R ; vg, psvnibM ; *7 p 
CI;cL;pRi;j)C;8tl2...15 

Cl(?);vF;cL 

pF;pS;lE90“;p8lbM 

Cl; B; 60 st 13 (Winnecke, 
18541. 

Neb. No description 

I; Cl; vB;L;iR; Ri;8tl L,ll 

F; S; vlE; gbM 

pF; S; R; glMbM; last of gr 

Cl;pRi;lC;iF 

0; pB; vL; ir; vglbM; rrr 
0; vB;L;R;g, embM; rrr; 
8t 15. 

Cl; pRi; at 9...13 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

1 

5 

1 

2 

3 

1 

1 

Au 


F; S; rr Cl + neb 


10 

1 

2 

2 

4* 

1 

1 

2 

6 

1 
1 
0 

1 

8t 

3 

2 
1 
2 
6 


vF; S; R; glbM; ♦98p 

vF; pL; R; vgvlbM 

HI; ®; B; pL; cE (ini 
• Lyra). J 

i"; cS; R; vmbM 

pF;S;E;glbM;88t8p .., 
0; vL; vlE; vgbM; rrr;| 
stl4...l6. 

Cluater 

leF;pL;R 

Cl;vL;P 

vF’; S; R; pmbM; ♦ 7, 8 nf 

eeF; vglbM; v difficult 

vF;S;R;glbM;pof2 

Cl;vL;P;8tl2 •ss stssasasi 

eF;S;R;glbM;fof2 

Cl:pL:pRi;R;8tl2 sss 15.. 

,C1;P;IC 

cF; vS; oS; pabM; 3 at p .. 

vF; stellar 

Cl;pL;P;8tll...l8 steslesi 
cB; cL; R; rg, svmbM; r ... 
eF; cS; R; glbM ........... 

Cl:L;lC:8tLAS 

0:B;vL;iR;rrr;stll...l6| 
pB; pL; R; gbM ......Mb.. 

pF; pL; mE v^bM 

Cl; vL; vRi; pC; at 
|CI;S;Ri;lCi8tll...lS .. 
iB; S; R 


2 

2 

14t 




;pB;pLtgbMjFflr.?(Hiii<i) fl* 


5 

1 

8 

5 

5 

1 



OF NlBlTLiE ANB OLTTOTBES OF STARS. 
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Beferenoeato 


Annual Annu^ 

Bight Pwoesnon No. N^PqJa» Preoewion No. Summary Dwcription from a 

Dutonoe in of Compariaon of aU the 

Other Oba. for N.P.D. Ota. Obaervationa, Bemarka, io. 

Authoritiea. I860, Jan. 0. Aaoenaion uaod. 186(kJaii.O. for uaed. 


for 1880. 




19 35 6-9 
19 35 16-0 


19 36 3-0 3-386 • 3 

Harding 19 36 34-3 3 053 1 


19 37 13-6 
19 40 47-3 
19 41 7-5 
19 43 30-0 
19 45 4-3 
19 45 43-7 
19 46 33-8 
19 46 53-0 
19 47 38-8 
19 48 13-9 
19 48 41-7 
19 48 57-9 
19 49 31-7 
19 49 43-9 
19 60 49-6 
19 81 88*9 
19 61 33*8 
19-81 47*6 
19 68 87# 
19 63 19*4 


3-555 

1-398 

1- 623 
3-912 

2- 569 

1-072 
2-408 
2-833 
2-674 3 

' 2*696 1 
2-824 1 

3*818 1 

2*823 1 

5*672 1 

4*366 1 

8*417 1 

4*846 8 

4*079 
4*760 
+4*408 


2 TF;pS;iR 8 

1 vF; S; II; pslbM 1 I 

1 vF;S;R;lbM; IstofO 1 , 

1 eF;vS;2ndof3 1 

1 eF;S;3rdof3 1 

2 vF; L; R; vvIbM; r ■. 3 

1 Cl; P; 1C 1 

1 Cl;vL;IC 2 

1 Cl? P;lC;8tl0...11 1 

1 pB; S; R; pgbM 1 

.. Nebwithout8t(Lac. Auw.40) 0 
6 ©; B; L; iR; gvmC.M; rrr; 14 

8t 11...14. 

1 vF; L; 11; vglbM 1 

1 0;F;L; R;vsbMdisc;S*nl 3*f 

3 cF; cS; R; IbM; *98 3 

2 eeeF; pS; am S8t 3 

1 eS; stellar 1 

2 pB; S; mE; p8lbM 2 

vF (Winnecke, Dec. 1853) 0 

3 C1;P;IC 4 

1 eF; pS; R; vgvIbM 1 

1 Cl; Ri; bet 2 at 9 1 

2 eF; vS; R; IbM; 3 vS 8tnr 2 

1 Cl; vL; plli; vIC; 8t 10... 3 

3 Cl; L; vC; EO®; 8tl4...18 5 

4 cB;S;iR;rrr 6 

1 eF; R ; vgbM 1 

1 eF;vS;*14att 1 

2 pB; E; biN; « 8 f 2 

a /©; pB; L; R; vRi;1 - 
* 1 VgbM; 8t 12...15. / 

2 pS;R;vgbM 2 

2 Cl; L; pRi; 1C; 8t 11...14... 2 

1 pB; pS; pmE; gIbM 1 

... pF;pL;R;bM;r 2 

l:;Cl;vL;pRi;lC;8t 10...16 1 

1 eF; pS; R; vlbM; ♦ np 1 

3 0;B;vS;B 8t 

1 Cl; vL; vRi; st 11. ..15 1 ■ 

(Harding, 1827). 

1 Cl;cRi;E;8tll...l2 2 

1 pB;iF;bM 1 

1 0;B;pL;R;*llM 2t 

1 Cr;L;pRi;pCV8til...l2.. 8 

1 Cl; vL;lC;8t7, I 

1 CI;P;IC;stll...l2 8 

1;:CI;S;P - * 

3 Cl;TL;vRi;pmC;8tll...l6 13 

l::CI;vS:vC 8 

1 Cl; Pi 1C 8 

1 vF; S; R; psbM 1 

1 Cl; S; P 1 

1 eF;vS;R;psbM;«llBp... 1 
I vF; S; vlE; glbM 8 

1 Neb; r 1 

2 cF; cL; R; vglbM; 2 tt f ... 8 

1 pB; S; R; vB«np...., 1 

1 vF;S;E;bM 1 

1 pF; S; vIE; pabM 1 
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SIB J. F. W. HBBSCHEL’S CATALOGUE 


No. 

of 

Cata- 

llogueJ 


Sir J. H.’s 
Oataloguea 
ofNebuliB. 


453S 

#533 

4534 

4535 

4536 
4637 

4538 

4539 
14540 
|464l 
14642 
>4643 

14544 

1 4545 

14546 

4547 

4548 

4549 


4550 

{455) 

;4552 

14553 

4554 

14555 

'4556 

14557 

14558 
{4559 

14560 

1 456 1 
I 4662 

{4563 

4564 

4565 

4566 

4567 
{4568 

4569 

4570 

4571 

4572 

4573 

4574 

14576 

4576 

i4677 

4578 

4679! 

4580| 

4581 

145821 

45831 

4584 

4585 

4586 

4587 

4588 

4589 


SeferencM to 


StrW,H.‘B 
Cla««M 
and Nob 


h. 

2060 

3808 

3809 
2063 
•2062 
2061 


3810 

3811 

3812 

2065 
2064 

2066 

3813 

3814 

3815 

2067 

3816 

2068 
2069 

3819 

3817 

3818 
3821 

3820 


H. 


III. 144 


VII. 59 


VIII. 86 


2070 

2071 

3822 


VIII. 22 


VIII. 20 


3823 

3824 

3825 

2072 


3826 

8827 

2073 

2074 

2075 

2076 

.3828 

2077 

2078 

3830 

3831 
3829 

3832 
3834 

2079 

2080 

3833 


2081 

3835 

3886 

2082 


Other 

AuthoritieB. 


M. 27 


Auw. N. 46 


A. 425 


M .75 


2. 2630 


2. 2631 


Bight 

ABCOiaion 

for 

1860, Jan. 0. 


h in B 

19 53 29*3 

19 54 40*9 
19 65 31-7 
19 56 8*8 
19 56 23*1 
19 56 23*6 
19 56 39*0 


19 

19 

19 

19 

19 

19 

19 

19 

19 

20 
20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 


56 

57 
57 
57 

67 

69 

59 

59 

59 

0 

2 


41*0 

5*0 

39*9 

46-5 

49*1 

11'2 

31*7 

40-6 

67*7 

38*3 

2*9 


2 

2 


4*8 
44-4 
3 15*0 
3 27*6 

3 44*5 

4 2*8 
4 40*6 
6 58*2 

6 59*3 
6 7*1 
6 


IV. 72 


20 7 22*0 



20 8 5*5 



20 8 29*7 


|20 10 4.3*4 

IV. 13 

!20 10 45*8 

VIII. 83 


20 12 2.3*7 


D’ Arrest, 114 

20 12 26 



20 14 4*0 




20 14 52*7 



20 15 40*2 



20 15 46*1 

IV. 16 


20 16 7*9 

III. 141 


20 16 44*2 



20 17 4.3*6 

viii. 66 


20 18 5*5 


M .29 

20 18 51*9 



20 20 50*3 



20 22 0*0 



20 22 36*0 



20 23 2*0 



20 25 35*6 

HI. 142 


20 25 52*1 



20 26 8*3 



20 26 29*1 

1.103 


20 26 43*0 



20 27 19*8 



20 27 39*4 


««a 

20 28 25*0 

jVIII. 17 


20 28 35*0 


Annual 
Procession 
' in 
Bight 
Ascension 
for 1880. 

No. 

of 

Oba. 

used. 

North Polar 
Distanoe 
for 

1660, Jan. 0. 

Annual 

PfecoMion 

in 

N.P.D. 

for 

1880. 

B 

-1*2*588 

4 

67 39 43*0 

1 

O) 

0 

4*723 

2 

144 45 44*5 

9*75 

4*849 

1 

146 47 1*7 

9*81 

1*354 

1 

34 15 9*9 

9*77 

2*309 

3 

56 50 48*7 

9*81 

2*847 

1 

79 7 24*4 

9*82 

3*068 

eee 

89 56 49*0 

9*85 

5*207 

1 

151 29 30*7 

9*91 

4*395 

2 

138 46 5*7 

9*91 

*4*849 

1 

146 47 18*2 

9*96 

3*151 

1 

93 67 0-8 

9*94 

3*547 

3 

112 18 47*5 

9*96 

1*967 

1 

46 23 49*7 

10*01 

4*733 

1 

145 11 4-4 

10*12 

4*387 

2 

138 46 26*4 

10*12 

4*382 

2 

138 41 20*8 

10*14 

2*258 

1 

54 37 13*1 

10*13 

6*426 

2 

161 11 51*8 

10*34 

2*636 

1 

69 17 54*5 

10*25 

2*179 

1 

62 9 34*3 

10*29 

4*278 

1 

136 34 21*6 

10*38, 

6*429 

2 

161 17 6*5 

10*45 

6*428 

2 

161 17 10*6 

10*48 

4*209 

1 

134 56 31*8 

10*44 

6*419 

2 

161 17 3*8 

10*54 

2*609 

1. 

63 42 34-8 

10*54 

2*261 

1 

54 34 19-8 

10*54 

2*514 

1 

63 55 43*5* 

10*55 

4*684 

1 

143 12 32*8 

10*64 

2*185 

1 

62 1 28-8 

10*64 

4*644 

1 

144 23 0*5 

10*75 

4*206 

2 

135 13 61*9 

10*77 

4*344 

2 

138 40 53*1 

10*93 

2*419 

2 

59 51 33*3 

10*89 

1*746 

1 

40 12 6*0 

11*00 

2*42 

f— • 

1 

69 47 42 

11*01 

4*433 

1 

140 62 0-6 

11*18 

4*143 

1 

134 5 51*8 

11*24 

3*468 

3 

109 45 13*6 

11*28 

. 2*547 

1 

64 41 32*2 

11*26 

2*676 

3 

70 20 19*3 

11*29 

3*590 

1 

115 14 51*2 

11*36 

4*267 

1 

137 28 57*8 

11*44 

2*137 

2 

49 40 14*4 

11*42 

2*212 

1 

51 56 3*6 

11*48 

4*274 

1 

137 66 31*9 

11*67 

1 4*141 

1 

134 40 55*8 

lh74 

1 9*441 

1 

170 28 50*4 

11*92 

1 3*727 

4 

121 17 38*7 

11*81 

1 3*752 

3 

122 26 56*3 

11*99 

3*1)8 

2 

92 29 44*3 

11*99 

1 3*118 

2 

92 30 28*7 

12*01 

6*798 

1 

164 6 50*1 

12*13 

1 2*935 

1 

82 44 5*5 

12*05 

1 2*941 

3 

83 3 41*3 

12*09 

1 4*457 

2 

142 35 10*9 

12*17 

1 4*458 

2 

142 38 11*74 

, 12*21 

1 -I- 2*646 

1 

68 13 54*9 

- 12*17 


No. 

of 

ObB. 

used. 


1 

2 

1 

1 

3 

1 

1 

2 

2 

1 

2 

1 

1 

1 

2 

2 

1 

2 

1 

1 

1 

1 

1 

1 

2 

2 

2 

1 

[2] 

1 

1 

3 

1 

3 
1 
1 
2 
1 
1 
1 
1 

4 
3 
2 
2 
1 
1 
3 
2 
2 
1:: 


Summarj Deaeription from a 
^mpariaon of all the 
ObserrationB, BemairkB, do. 


Total 
No. of 
timea 
|ofOba4 

I 

and H, 


III; vB; vL; BiN; iE(Dunib-| 
bell N). 

F;S;TlE;glbM 

pF; S; R 

Cl; pS; pmC; iR; 8tl2...l6 

F; amM. W^Bt 

Cl; cL; E; pRi;st 13 

F; «10 p 1*, a 1' 29" (Bond,] 
Nov. 1852). 

F;pS;gbM 

B; S; cE; gpmbM 

F;S;lE;glbM 

Cl; S; vmC; at 19 

0; B; pL; R; vmbMBN; rr 

Cl;L;vRi;cC 

leeF; L; pmE 

vB; S; R; pgvmbM ........ 

cF; cS; E 9 O®; gbM 

Cl:BtL&S; Jinv 

F;pS;lE;glbM;*9plO'*5;| 
lat of 4. 

Cl;lC;atl0...13; Jinv 

CI;P;1C 

F; vS; R; vgmbM; *7nf ... 
pB; S; R; eS*af: 2nd of 4... 
vF; tS; R; 3rd of 4 
vF;pL:R;glbM . 
F;S;R;r;vS*att;4thof4| 

Cl;P;IC 

Cl; pRi; $ inv 
Cl; vB; vL; Ri; 1C; Bt6...11 
pF; cL; pmE; gIbM ..... 

F; vL; vmE; Jatt 

vF;L;IE 

pF; S; R; vglbM 

pF; S; R; avbM*12 ..... 

I;0;F;S;vvlE,. 

Cl; pRi; 1C 

Cl+neb; S; atvS 

F; S; R; glbM;am8t.... 

F; cS; R; b3^,.. .......... 

|cL; E;bM*l7; *10att. 
Cl;S;vIC;atl0...11.... 

1!; O; B;pS; R;48stnr 
|cF; cL; vlE; vglbM; r; 3atp| 
l>B; pL; gbM; 2Btl0nr 


Cl; pB;pS; P; pC; Btl0...12| 

f * # 


C1;P; lC;BtL&S 

vF; «12attap 

jeF; pS; R; vgvlbM 
pB; cS; R; pambM 
pF; cS; R; gbM; bet 2 at.. 
cB; L; inE^*0;palbM ..... 
vF; pL; E 0® or blN; p of 2 

vF;vS;afof8 

F; S; R; gbM; 5 ftp 
vB; L; goibMier a«a 
0; B; L;R; rrr; itl6...t«9p| 
kA; cL; Rs fflbMf r •»! 
vF:oS;R;albM(for2 
Cl;vLjPtfKJ 




18t 


1 

I 

4* 

1 

0 


1 

1 

10 

2 

1 

2 

2 

1 

2 

1 

2 

1 

2 

2 

1 

2 

1 

1 

2 

1 

1 

1 

2 

2 

7t 

1 

0 

1 

1 

3* 

1 

6t 

3 
1 

5 

6 
1 
1 
1 

4 
8 

5 
2 
1 
1 

31 

2; 

2 

.■ 4 .- 
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BeforenoMto 



SirW.H.’* 

Catalogues 

Classes 

of Nebula. 

and Nos. 


Vll. 8 


45 

97 

2085 

VIII. 23 

45 

98 

2086 

III. 219 

4599 

3841 


4600 

1 2088 

V. 15 

4601 

2087 

II. 426 




4603 >2087 


4605 2089 

4606 3842 


4614 3847 


lEfll 


Vr. 24 


9 III. 858 


Bight 

Annual 

Precession 

Ascension 

in 

for 

Bight 

1800, Jan. 0. 

Ascension 

for 1880. 


m 

R 

28 

36*4 

28 

42'5 

30 

3*7 

31 

3*8 


Annual 

Precession No. 
in of 
N.P.D. Obs. 
for used. 

1880. 


Summary Description from a 
Comparison of all tlie 
Obsenrations, Eemarks, &o. 


1 

Cl; pRi; iF; Rtll...l5 

1 

2 

pB;'pL; IE; gbM 

2 

1 

Cl; vL; pRi; E; it 10 

1 

1 

vF;S;R 

1 

2 

B; cS; cE; pmbM; «10f... 

2 

2 

Cl; vF;pL; vRi; vC;stl6...18 

4 


S eF; pL; R; IbM 


MDOCOLXIY. 
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Beferenowto 


SirJ.H.*BarW.H.’0 
ogu«.| Catalogue* danea 
of Nebulae, and Nos. 



Other 

Authorities. 


23 2137 

24 3903 

25 3905 

26 3904 

27 3906 

28 2138 

29 3908 

30 3909 


4753 3919 

4754 3923 

2147 

2148 

3924 
3926 

3925 
47601 2149 

2150 

4762 3927 

4763 . 3928 

4764 2151 

3929 

3930 


VII. 66 


III. 452 
VIII. 67 


D’ Arrest, 115 


Ascension 

for 

1860, Jan. 0. 


21 42 
21 42 
21 42 
21 42 
21 43 
21 44 
21 45 
21 45 
21 45 
21 46 
21 46 
21 46 

21 47 

21 49 
21 49 


III. 930 


III. 692 



II. 207 
II. 897 


III. 862 
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References to 

Sir J. H.'s 
Catalognes 
ofNebulie. 

Sir W. H/s 
Classes 
and Rob. 

Other 

Authoriti^. 



4790 2160 

4791 2161 


4793 2162 

4794 3944 


4796 2163 


H. 

III. 931 
II. 606 


VIII. 63 



4777 3933 


4779 S1S8 

4780 3934 

4781 3935 

4782 3936 


VIII. 75 
yi- 29 
nil. 932 
III. 863 


III. 864 
III. 933 
III. 458 


II. 248 


11.469 


VII. 41 


Auw. N. 48 


R. nova 


IV. 31 


D’ Arrest, ll6 22 
22 


II. 476 
II. 428 

III. 180 


III. 237 


I. 53 


Bight 

Ascension 

for 


1 m s 

6 37*7 
6 43‘4 

6 57*4 

7 7-9 
7 8-2 
7 34-6 
9 41-1 

10 2-5 

10 8*7 

11 0-4 
11 26-0 

12 28*8 
12*53*8 
12 57*6 
15 6*5 
15 10*0 
15 23*6 

15 26*0 

16 21*1 
16 44*2 
18 15*5 

18 57*4 

19 7*4 
19 38*1 

19 39*4 

20 50*7 
20 50 + 

20 52-2 

21 12*0 
22 5*6 
22 21*2 
22 37*4 

22 59*4 

23 13*6 
23 23-8 

23 28*3 

24 53*0 
24 67 

24 58*6 

25 28*5 

25 32*6 

26 55*7 

27 3-9 

27 40*9 

28 2*3 

29 46*2 

29 46*2 

30 32*5 
30 37*2 
30 39*5 



Annual 


Nor^ Polar Pre<^n No. Summary D«eription from a 
Distance m of -n 


R. 6 novse 22 30 + 


11.233 


22 30 44-0 


MS 

48231 2174 
2 


+3*272 1 

2*447 1 

3*731 1 

3-730 1 

2*127 1 

2*119 2 

2*358 1 

2*236 1 

3*249 1 

2*563 1 

3*957 1 

2*569 1 

3-247 2 

3*.353 1 

3-;i95 1 

3*403 1 

2*153 1 

3-450 1 

3*466 2 

3*429 3 

3*424 4 

4*079 1 

3*478 2 

2*916 2 
2*198 1 
3*336 2 


2*770 1 

3-474 1 

3-285 ... 

2- 365 1 

2*380 2 

3*503 1 

3*213 :: 

3*501 1 

3*213 2 

3*213 4 

2*76 [1] 
2*760 2 
3*352 1 

3*541 1 

3*173 5 

3- 027 2 

2*886 1 :; 
3-331 2 

2-877 1 

3*466 2 

2*984 3 

4*257 1 

2*736 1 


(No. 2?) 22 30 50*5 3*466 

III. 166 22 30 54*0 2*736 

11.234 22 31 5*7 +2*858 


Distance 

for 

1860, Jan. 0. 


107 45 40*3 
45 20 52*3 
136 32 31*7 
136 32 16*4 
33 42 56*0 
33 25 12*4 
40 48 55*7 

36 22 2*4 
106 16 47*8 

50 10 13-2 
145 48 53*0 
50 8 9*4 
106 28 21*5 
115 22 44*5 
119 3 25*8 
119 39 16*8 
32 36 51*1 

123 3 31*5 

124 24 1-6 
121 53 45*0 
121 51 23*5 
150 52 54*3 

125 51 19*3 
74 33 55*0 
32 52 26*3 

115 34 20*5 

115 .34 ± 

61 36 48*8 

126 10 21*2 
111 32 59*8 

37 53 26-3 
.38 24 45*0 

128 33 0*1 
J04 40 30*3 
128 32 9*8 
104 44 11*8 
104 50 30-3 
59 45 18 
59 45 25*3 
117 58 4*4 
131 39 53-4 
101 4 53*2 
85 9 17*9 
70 23 45*6 

116 45 55*0 
69 5 50*5 

127 67 13*5 
80 11 4*6 
157 12 16*0 
56 20 5*6 


56 20 + 


66 55 34*6 

127 55 48*4 
56 17 51*3 
66 55 58-3 



w n -n ComiNirison of all the 

^for Obeerrations, Bomarks, Ac. 


1 vF;S;R;bM « 

1 eF:S;er 4 

1 pB; S; pm£; psbM; pof2.., 1 

1 F:vS;R;*8f;fof2 1 

1 CI;S;P;IC 1 

2 Cl; pC; has a ruby «10 2 

1 CI;L;P;IC;stvL 3 

1 Cl;C;steS 2 

1 vF; S; vlE; vgbM; •13n ... 2* 

1 vF; vS; nibM 1 

1 eeF:R;(?) 1 

1 vF;S;mEl65°+ 1 

2 iF; pS; R; gpmbM 4 

1 F; S;R;er 2 

I vF; S; E; glbM; ?biN 1 

1 eF;pL;U;vlbM 1 

1 CI;L;pRi;IC 1 

1 cF;.S;R;lbM 1 

1 cB; pS; vlE; glbM; B sp 2 

3 F; cS; vlE; p of 2 4 

3 F;cS;vlE;fof2 4 

1 eeF; IE; vgvlbM; Sstsf ... 1 

2 vF; pS; R; vgvlbM 2 

2 F; cS; R; gbMS*; 3sti)r... 4 

1 CI;L;pRi;IC;Btl0...l6... 1 

2 cF; cS; IE; r; J inv 3 

... (See No. 5078) 0 

1 vF; 8; R; amst 1 

1 vF;S;R;gbM 1 

... !; pF; vL; EorbiN(Harding) 0 

1 Cl; P; 1C; St 12... 13 1 

2 CI;iR;IC;8tvS 2 

1 eF; S; R; pof2 2 

:: vF; Enptosr(ni8i=h.2l64) 0 

1 eF;S;U;fof2 2 

2 vF; cS ; vgIbM 2 

4 F; pS; R; vIbMFSRN 5 

[1] vF; pL; vlbM; h.2l66di8t2' 0 

2 vF;S;R;gvlbM 2 

1 vF;S;lE;*llp 1 

1 F; pL; pniE 1 

5 vF; pL; R; glbM; r 6 

2 pF; S; R; psbM; r 4 

l::eF; vS; R; ♦9» 2 

3 cB; L; iiiEO"; vlbM 3 

1 F; S; iR; VgvlbM 2 

2 vF;S;vlE;gbM 2 

4 eF; pS; 1E90°; vglbM 4 

1 pB; pS; inEgO® 1 

3 B; pL; pniEl60®; 8mbM ... 4t 


18*58 ... 5 near; po8ition8 measured; 0* 

no distances. 

18*58 2 cB; S; mEl63®*0: 5 

vsmbM«ll; por2. 

18*62 1 eF;?? 1? 

18*59 1 eF;vS;E 2 

■ 18*59 2 F; pS; mE90®±; vglbM; 5 

fof2. 
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Annual 


Annual 


Right Preoeesion No. North Polar PreoeMion No. ^ • a - ^ 

K^ion in of Dirtanco in of Summary Descni^n 1^ • 


Aacenaion in of Diatance 

for Bight Oba. for 

I860, Jan. 0. iaoenaion uaed. 1860, Jan. 0. 
for 1880. 


7*9 +2*988 
5*4 2*333 

6*6 2*218 

3- 451 

4- J17 
3*351 
3*079 
3*475 
3-166 
3*262 



22 51 86*5 

D’Arre8t,119 82 52 32 

22 58 46*6 

22 52 46-9 

Auw.N.49 22 53 6*3 


I 79 42 40*2 
33 20 2*3 
29 27 5-4 
128 36 27*8 
155 51 19*9 
120 47 3*9 
90 53 42*0 
130 4 35-7 
101 44 29*8 
113 2 10*3 


N.P.D. 0^ Compariaon of all tin 
for uaed. O'xwrratioy, Eemarka, 4o, 


18*66 1 eF;pL;E 2 

18-69 1 Cl; vL;pRi*, vie 1 

18*72 1 B; S; R; pgvlbM; er 2 

18*74 1 eeF; S; R; •f90“,40* 1 

18*77 1 1*'; S; R; bM 1 

18*77 1 F; pL; vmEO®; vgvlbM 1 

18*80 2 F; S; R; psbM 5 

18*81 1 F; cS; IE; glbM 1 

18-84 5 vF; pL; R; IbM 6 

18*89 3 pB; S; vlE; vgmbM; S*nr 4 


3-262 ... 113 2 + 18*89 ... No descriptions 0 


2- 374 2 32 39 8*7 

3- 408 1 127 34 56*5 

2*99 [2]:: 79 10 30 

2- 988 1 79 7 46-2 

2*987 1 79 2 36*2 

2*99 [2] 79 6 0 

2*99 ... 79 8 2-2 

3*088 2 92 16 54*6 

3- 238 3 111 21 1*0 

3*118 2 96 18 6-0 

2*534 1 38 33 54-0 

3-069 2 89 38 56-4 

3-069 ... 89 39 + 


22 53 8*0 2*968 

22 54 3*1 2*967 

22 54 13*6 +3*387 


I 136 5 36-8 

1 130 3 30-2 

1 154 26 29*6 

2 130 24 35*6 

1 133 23 49*0 

1 155 46 26*1 

3 127 46 2.3*4 

2 29 55 6*3 

3 128 5 31*1 

1 33 38 14*1 

2 131 49 4*8 

1 54 22 38*8 

1 30 45 23-2 

77 37 14*6 
64 37* 4*6 

64 37 + 

36 23 55-3 
75 12 12 
103 33 10*4 
103 34 46*4 
101 16 41*1 

74 46 10*1 
74 21 17*2 
130 19 19*2 


18*91 2 Cl; pL; pRi; 1C; st9...13 .. 3 

18- 95 1 eF; vS; R; «12aUiip 1 

18*94 [2] vF; vS; R; III.2l6nf 0 

18*96 2 cF; S; R; glbM; *11 np ... 5 

18*96 2 cF; S; R; pgbM; fof2 5 

18*97 [2] eF; vS; R; 28tll,8 0 

18*96 ... One of 5. See h. 2183, 2184, 0* 

D*Arre«t,117,118. 

18*98 2 cF; cS; R; 8bM#13; top.. 4 

19*00 3 pB; pS; 1E120“+; mbM ... 4 

19- 00 2 vF; pL;lE; vgb.M; r 3 

19*00 1 CI;vP 1 

19-02 2 pF;pS;R;gbM 2 

19*02 ... “ A group of 4,” incl b. 2189 0 

1 9*04 1 pF; IE ; glbM ; vS * inv 1 

19*06 1 vF; S; R 1 

19*08 2 pB; pS; R; vgIbM 1 

19*08 2 cB; L; vmE43°*3; nibM ... 2 

19*10 1 eF; vL;*7nf 1 

19*13 1 pB; cS; R; gpmbM 2 

19-12 3 cB; vL ; vlE; vglb.M 3 

19*09 2 Cl;pRi;cC 3 

19*13 4 cB; L;vIE; gpmbM; rr 4 

19*13 1 vF;pL;iF;er * 

19*14 2 F; cL; vlE; vgrob.M 2 

19*14 1 vF;cS; R; stellar; ;p 3 

19*16 1 Cl;P;'pC;st9...n ] 

19*18 1 eF;S;R * 

19*18 2 F; pS; E90®; gbM; er ...... 3 

f2of a group of 3; inv in 1 g 
19*18 ... I Fneb. / 

19*19 1 Cl;vL;E 1 

10*21 r2l pF; R; bet2stl6; •13nr... 0 

2 '^ F; vS; vlE; smbM; er; pof2 4t 
3 F; vS; vlE;8mbM-, er;fof2 5t 
«ll-]2 in neb (MarkreeObs. 0 
Oct 8, 1855). 

2 pB; L; E178“; vgbM 3 

2 F; cS; lE;lbM;pB*p...... 2 

1 F;L;mE33®*8;vglbM 1 
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Befinenocsto 


1 1 

iV 

z 

1 r 

L 

i 1 

' 1 

a I 

1 V 

1 • 


1 

1 

' 1 

i 

1 

5 ; 


4892 2205 

4893 2206 


4905 3975 

4906 2215 


492b 2225 

4927 3978 



4929 3980 


4931 3981 

4932 2227 


Other 

Authorities. 


11.212 
II. 590 


Kgbt Precession No. 

Asc^on in of 

for Right Obs. 

1860, Jsn. 0. Ascension used, 

for 1880. 



22 54 16*6 

+3*387 

1 

22 54 17*6 

2*861 

1 

22 54 20*5 

3*065 

2 

22 54 55*7 

3*397 

2 

22 54 56*3 

2*971 

1 

22 55 5*3 

2*971 

1 

22 56 12*2 

3*020 

1 

22 56 13*3 

3*514 

1 

22 56 22*3 

2*969 

1 

22 57 19*6 

3*411 

2 

22 57 56*4 

2*999 

4 


130 20 14*9 
60 .36 32*2 
88 59 35*2 

131 34 57-6 
74 46 22*6 
74 46 59*6 
81 52 19’7 

140 52 10*7 
74 8 43*7 

133 51 40*8 
78 25 53*5 
87 12 42*2 

127 1 37*6 

56 39 4-6 
106 22 33*4 

134 10 34*8 
72 35 4*8 
92 54 44*3 


77 49 34*0 
30 11 23*7 

78 4 51*4 
99 67 29*1 

134 21 49*8 
86 15 44*5 
29 14 59*5 
67 4 19*5 
86 13 35*5 

129 17 54*2 
71 46 56*2 

71 47 ± 

65 29 18 

71 47 55*9 
133 21 29*9 

84 3 21*6 
78 11 12*9 
93 9 4*9 
77 27 35*6 
84 4 21*6 
77 34 16*6 
93 6 55*6 
77 17 25*3 
95 30 25*0 

72 4 20*0 
132 52 58*7 


Summary Description from a 
Comptorison of all the 
Obserrationa, Remarks, Ac.' 


eF;vL;vlbM 1 

cB; cL; IE; gnibM; r; 2Sstii 2 

cF; cS; psbM 8 i 

cF;pS;vmE6°+;*llnp... 2 ' 

vF;S;IE;pof2 2 

vF; vS; for2 2 

vF; vS; v6mbM*12 2 

eF; pL; R; gIbM; 4)11 np ... 1 

eF; vS 1 

F; S; R; A with 2 St 7 2 

pB; cL; inEll°*9: bet2st... 7*t 
vF;S;E;p8bM 1 

pB; S; R ; IbM; *8*9 alts.. , 4* 


1 vF;S;K;bM;*10p 

1 oF; L; bet 2 Dst 

2 pB; cL; IE; vpbM*13 
2 vF; L; pmK45°; IbM... 
2 cF:vS; R;sbM*15 ... 


1191753*3 19*49 2 pB; cS; R; psvmbM; *10np 


2 eF; bM*; (?) 2 

2 Cl; pRi; pC; faii-sh; st pB... 4 

3 F;cS; R; vglbM;r 7 

1 cF; vS 1 

1 pB;S;IE;pgbM 1 

2 vF; cS; R; bM; sp of'2 3 

2 vF; L; 2 pB st inv 2 

1 F;S;R;psbM 1 

2 B; L; niE97°*6(2est); 3 

•i mbM ; nf of 2. 

2 F; S; vIE; vgvIbM; #10att. 2 

1 np of 2 neb 1 

... 2of4inolh.2218,2219 ... 0 

[2] vF; vS; (d’Arre8t)*l6 p 11* 0 

1 cF;S;R;sfof2 2 

1 B;S;mE90°±;v8bM*13... 1 

:: No description 0 

l::F;R;bM 1 

1 cF; pL; R; B • f 3 

3 F; cS; R; bM*6; pof2 6 

1 cB; pS; iR; psbM 2 

4 cF; cS; R; 8bM*l6 6* 

2 vF; pS; E; er; 3S8t inv 2 

1 eF;eS 1 

1 F;S;8n)bM 1 

1 vF; am vS st 3 

1 pB;L;pmE;gbM 1 


3*098 i 2 I 95 24 42*7 19*61 2 pB;pS;iR;gbM 6 

132 59 53*4 19*62 1 pB; pL; pmE; gbM; pofR^ 1 

95 12 23*4 19*62 1 eF; vS 1 

133 1 8*1 19*63 1 F;pL;pmE;gbM;fof2 ... 1 

98 19 42*1 19*63 2 cF; S; R; pspmbM 4 

99 15 81*1 -19*63 2 pF;cL;pmE0®± 3 * 
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SIB J. F. W. HEBSCHBL’S CATALOGUE 


V Beferenoes to 

Wo., 

of* 

Cftto* Sir J# H.*8 Sir Othor 

ogue-Catol^es Cte AuthoritieB. 

of Nebulas, and Nos. 


49dl 2256 

4992 4000 

4993 2257 


Bight 

Ascension 

for 


Annual 


for 1880. 


No. 

North Polar 

Annual 

Precession 

No. 

of 

Distance 

in 

of 

Obs. 

for 

N.P.D. 

Obs. 

used. 

1800, Jan. 0. 

for 

used. 


• 

1880. 



Summary Description from a 
Comparison of all the 
Observations) BemarkS) Ac. 





«297 


fi047 

ftm 

* 

III. 436 
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No. 

of 

Cata- 

logue. 

References to 

Right 

Ascension 

for 

I860) Jan. 0. 

# 

Annual 

Precession 

in 

Right 
Ascension 
for 1880. 

No. 

of 

Obi. 

used. 

North Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

No. 

of 

Obs. 

used. 

Summary Description from a 
Comparison of all the 
Observations, Remarks, Ac. 

Total 
No. of 
times 
of Obs. 
by h. 
and If. 

Sir J.H.'s 
Catalogues 
of Nebulie. 

Sir W. H/s 
Classes 
and Nos. 

Other 

Authorities. 


h. 

H. 


h m s 

s 


e 1 u 





5048 

2299 



23 56 39*9 

-1-3*070 

1 

83 17 43*5 

-20*05 

1 

vF; pL; 11; gbM 

• 1 

5049 

2300 

11.227 


23 56 48‘7 

3*067 

1 

70 0 3*5 

20*05 

1 

pF;cL:inE"45“+;lbM 

4 

5050 

2301 


23 57 19*7 

3*072 

1 

85 34 38*5 

20-05 

1 

pB; vS; niE; vsmbM 

2 

5051 

2302 



23 57 32*6 

3*051 


22 6 18-2 

20-06 

1 

I ; eeF ; eeL 

1* 

5052 

4011 



23 57 35*2 

3*087 

2 

152 50 42*2 

20-06 

2 

F; S; R; gbM 

2 

5053 

2303 



23 57 55*7 

3-072 

1 

83 51 42*2 

20*06 

1 

pF;S;R;*9iip 

1 

5054 

2304 



23 57 56*2 

3*072 

1 

85 34 12-2 

20*06 

1 

vF;S;gbM 

1 

5055 

2305 

VIII. 29 


23 58 1*9 

3*070 


111 29 37-2 

20*06 

1 

Cl; vP; vie 

2 

5056 

2306 


23 58 17*7 

3*072 


85 33 47*2 

20*06 

1 

vF; S; R; « nf 

\ 1 

5057 

4013 

III. 190 


23 59 »7*4 

■f 3*072 


94 29 48*2 

-20-06 

1 

vF; vS; R; vg, psmbM; 

2 











2 St 9 sf. 



SUPPLEMENTARY LIST OF NEBUL/E AND CLUSTERS. 


5058 

! 


G. P. Bond 

0 35 1-0 

+3-073 

5059 

79,4 


R. nova 

0 50 7*9 

3*241 

5060 

5061 

5062 

5063 

(123) 

(374) 


S. Coolidge 
S. Coolidge 


3 6 55-2 

3 16 29-0 

4 57 18-4 

5 20 52*9 

6 5 7: 

3*089 

+3-086 

-0-385 

-0-469 

+3-093 

5064 


J. H. SaiTord 

5065 



J. H. Safford 

6 6 40*9 

3-093 

5066 



Gi P. Bond 

7 55 12-5 

3*509 

5067 



S. Coolidge 

9 59 51*1 

3*079 

5068 

5069 

5070 

5071 

939, c 
2849, a 


S. Coolidge 
R. nova 
D’Arreat 

S. Coolidge 

10 16 14-1 

11 33 + 

12 12 41 

12 31 0-5 

3*079 

>122 

3*06 

3*069 

5072 



S. Coolidge 

13 24 32-0 

3*067 

5073 



S. Coolidge 

13 42 38-3 

3*065 

5074 

5075 


♦ 

G. P. Bond 

S. Coolidge 

13 49 18-6 
13 53 58-0 

3*068 

3*065 

5076 

5077 



Lac. 1. 11 

G. P. Bond 

18 20 44*6 
21 45 12-5 

3*952 

2*217 

5078 

5079 

3943,0 


Lasaell 

G. P. Bond 

22 20 50 : 

23 25 33*1 

3*336 

+3*093 


89 50 6*6 

-19-80 

... 

F; S; R; *11 sp 1'; disc 
Sept. 16, 1862. 


60 23 27 

19-56 

... 

No description ; yin Lord R.*s 
diagram. 

0 

89 4 27*5 

13-67 

... 

F; disc Jan 25, I860 

0 

89 19 3-0 

13*07 

... 

F; disc Dec. l6, 1859 

0 

159 36 32*1 

- 5*43 

1 

No description 

1 

: 159 36 35*4 

- 3*42 

1:: 

No desqfiption 

1 

88 50 39 : 

+ 0*43 

••• 

2Cls; near 2 9t9>10 AlO.ll; 
disc Mar. 19, 1863. 

0 

. 

88 58 11-2 

0*44 

... 

Cl; bet 2 st 9-10 & 10.11; 
disc Mar. 19. 1863. 

0 1 

i 

65 25 19*4 

9*73 


vF; cometic; disc Sept. 1. 
1852. 

0 i 

89 15 7*3 

17*38 

... 

N’eb ; no description ; dUc 
Mar. 31, 1859. 


89 13 46*0 

1805 

• • • 

F; disc Mar. 31, 1859 

0 1 

71 29 + 

19*93 

... 

No description 

® 1 

83 46 42 

20*02 

• • • 

A nebula; no description ... 

0* 

89 2 46*5 

19*87 

• • • 

«12, in F neb; disc May 3. 
1859 

0 

89 18 29*7 

18*67 

... 

* 12, ill F neb; disc Apr. 30. 
1859. 

0 

89 14 2*4 

18*03 

... 

• 12, in F neb; disc Apr. 30 
1859. 

0 

89 31 9-0 

17*77 

• • • 

S; R; «9^'; disc June 8, 1855. 

0 

89 13 53*3 

+ 17*60 

sea 

«12, in neb; disc Apr. 29. 
1859. 

0 

123 30 27*3 

- 1*89 

s • s 

Neb. without stars 

0 

40 53 46*4 

16*67 

s • s 

t 

Neb; no description; disc 
Feb. 10, 1848. 

0 

115 34 + 

18*25 

... 

Neb* • 1' dist from h. 3943 .. 

0 

96 22 12*0 

-19*83 

... 

Neb: ♦ 9*10 sf; disc Oct. 23 
1848. 

0 


Of this supplementary list, the objects Nos. 6068, 6060, 6061, 6064, 6065, 6066, 6067, 6068, 6071, 
6072, 6073, 6074, 6076, 6077., and 6079 were communicated to me by Professor Bond, Director of the 
Observatory of Harvard College, U.S., too late for insertion in the body of the Catalogue. 

ERRATA. 

In page 7> Unei 13 , Jitr 3068 read 5079, and ftr six read 92. 
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II. On the Speetra of eome of the Chemical Elemente. 

By William Huggins, Esq.^ F.jR.AS. Commmicated by Dr. W. A. Miller, Treas. B.S, 


Beceived November 6, — Bead December 10, 1863. 


1. I HAVE been engaged for some time, in association with Professor W. A. Miller, in 
observing the spectra of the fixed stars. For the purpose of accurately determining the 
position of the stellar lines, and their possible coincidence with some of the bright lines 
of the terrestrial elements, I constructed an apparatus in which the spectrum of a star 
can be observed directly with any desired spectrum. To carry out this comparison, we 
found no maps of the spectra of the chemical elements that were conveniently available. 
The minutely detailed and most accurate maps and tables of Kirchhopp were confined 
to a portion of the spectrum, and to some only of the elementary bodies ; and in the 
maps of both the first and the second part of his investigations, the elements which are 
described are not all given with equal completeness in difierent parts of the spectrum. 
But these maps were the less available for our purpose because, since the bright lines 
of the metals are laid down relatively to the dark lines of the solar spectrum, there is 
some uncertainty in determining their position at night, and also in circumstances 
when the solar spectrum cannot be conveniently compared simultaneously with them. 
Moreover, in consequence of the difference in the dispersive power of prisms, and the 
uncertainty of their being placed exactly at the same angle relatively to the incident 
rays, tables of numbers obtained with one instrument are not alone sufficient to deter^ 
mine lines from their position with any other instrument 

,It appeared to me .that a standard scale of comparison such as was required, and 
which, unlike the solar spectrum, would be always at hand, is to be found in the lines of 
the spectrum of common air. Since in this spectrum about a hundred lines are visible 
in the interval between a and H, they are sufficiently numerous to become thq fiducial 
point% of a standard scale to which the bright Unes of the elements can bG referred. 
The air-spectrum has also the great advantage of being visible, together with the spectra 
of the bodies under observation, without any increased complication of apparatus. 

2. The optical part of the apparatus employed in these observations consists of a 
sp^troscope of six prisms of heavy glass. The prisms were purchased of Mr. Browning, 
optician, of the Minories, and are similar in size and in quality of glass to those 
furnished by him with the Gassiot spectroscope. They all have a refracting angle 
of 46®. They increase in size from the collimator; their faces vary from 1*7 inch by 
1-7 inch to 1*7 inch by 2 inches.^ 

The six dispersing prisms and one reflecting prism were carefully levelled, and the 
ifDoccLxiy. xr 
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former adjusf^ at the position of minimum deviation for the sodium line D. The train 
of prisms was then enclosed in a case of mahogany, marked a in the diagram, having4:wo 
(^nidgs, one for the rays from the collimator and the other for their emergence 
after having been refracted by the prisms. These openings are closed with shutters 
when the apparatus is not in use. By this arrangement the prisms have not required 
cleansing from dust, and their adjustments are less liable to derangement. The colli* 



mator b has an achromatic object-glass by Boss of 1*75 inch diameter, and of 10*5 inches 
focal length. The object-glass of the telescope, which is of the same diameter, has a 
focal length of 16*5 inches. The telescope moves along a divided arc of brass, marked 
in the diagram c. The centre of motion of the telescope is nearly under the centre of 
the last face of the last prism. The eyepiece was removed from the telescope, and the 
centre of motion was so adjusted that the image of the iHuminated lens of the ooUi- 
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mator, seen through the train of prisms, remained approximatively concentric with the 
object-glass of the telescope whilst the latter was moved through an extent of arc equal 
to the visible spectrum. All the pencils emerging from the last prism, therefore, with 
the exception of those of the extreme refrangible portion of the spectrum, are received 
nearly centrically on the object-glass of the telescope. The total deviation of the light 
in passing through the train of prisms is, for the ray D, about 198®. The interval from 
A to H corresponds to about 21® 14' of arc upon the brass scale. 

3. .The measuring-part of the apparatus consists of an arc of brass, marked c in th% 
figure, divided to intervals of 16". The distance traversed by the telescope in passing 
from one to the other of the components of the double sodium line D, is measured by 
five divisions of 16" each. These are read by a vernier. 

Attached to the telescope is a wire micrometer by Dollond. This records 60 parts 
of one revolution of the screw for the interval of the double sodium line. Twelve of 
these divisions of the micrometer, therefore, are equal to one division of the scale upon 
the arc of brass. The micrometer has a cross of strong wires placed at an angle of 45® 
nearly with the lines of the spectrum. The point of intersection of these wires may be 
brought upon the line to be measured by the micrometer screw, or by a screw attached 
to the arm carrying the telescope. For the most part the observations were read off 
from the scale, and the micrometer has been only occasionally employed in the verifica- 
tion of the measures of small intervals. The sexagesimal readings of the scale, giving 
five divisions to the interval of the double line D, have been reduced to a decimal form, 
the units of which are intervals of 16", and these are the numbers given in the Tables. 
An attempt was made to reduce the measures to the scale of KiAchhoff’s Tables, but 
the spectra are not found to be superposable on his. This is due, in great part, pro- 
bably to the prisms in his observations having been varied in their adjustment for 
different parts of the spectrum. The eyepieces are of the positive form of construction. 
One, giving the power of 16, is by Dollond ; the other, of about 36, is by Cook. 

• 4. The excellent performance of the app^tus is shown by the great distinctness and 
separation of the finer lines of the solar spectrum. All those mapped by KIBCH^OFF 
are easily seen, and many others in addition to these. The whole spectrum is very 
distinct. The numerous fine lines between a and A are well defined. So also are the 
groups of lines about and beyond G. H is seen, but with less distinctness. 

As, with the exception of the double potassium line near A, no lines have been 
observed less refrangible than a, the Maps and Tables commence with the line a of the 
solar spectrum and extend to H. 

The observations are probably a little less accurate and complete near the most 
refrangible limit. Owing to the feebleness of the illumination of this part of the 
speoirum, fihe slit has to be widened, and moreover, the cross wires l^mg seen with 
difficulty, the bisection of a line exactly is less certain. 

-.A 6. For all the observations the spark of an induction coil has been employed. This 
coil has ahoiH. fifteen miles of jtaoondary wire* and was excited by ® battery of Gboy^Is 

u 2 
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construction, sometimes two, at*others four cells haring been employed, Each of these 
cells has 33 square inches of acting surface of platinum. *With two such cells the 
ihduction spark is 3 inches in length. A condenser is connected with the* primary 
circuit, and in the secondary a battery of Leyden jars is introduced. Nine Leyden jan^ 
each sur&ce of each of which exposes 140 square inches of metallic coating, were 
employed. Hiese are arranged in three batteries of three jars each, and the batteries 
are connected in polar series. 

The metals were held in the usual way with forceps. The nearness of the electrodes 
to each other, their distance from the slit, and the breadth of the latter were varied to 
obtain in each case the greatest distinctness. The amount of separation of the eleo* 
trodes was always such that the metallic lines under observation extended across the 
spectrum. The two sets of discharging-points were arranged in the circuit in series. 

6. Some delay was occasioned by the want of accordance of the earlier measures, 
though the apparatus had remained in one place and couM have suffered no derange- 
ment. These differences are supposed to arise from the effect of changes of tempera- 
ture upon the prisms and other parts of the apparatus. This source of error could not 
be met by a correction applied to the zero-point of measurement, as the discordances 

4 

observed corre^onded, for the most part, to an irregular shortening and elongation of 
the whole spectrum. 

The principal air lines were measured at one time of observing, during which there 
was satisfactory evidence that the values of the measures had not sensibly altered ; and 
^ese numbers have been preserved as the fiducial points of the scale of measures. The 
lines of the spectra oT the metals have been referred to the nearest standard air line, so 
that only this comparatively small interval has been liable to be affected by differences 
of temperature. Upon these intervals the effect of such changes of temperature as 
the apparatus is liable to be subjected to is not, I believe, of sensible amount with 
the scale of measurement adopted. Ordinarily, for the brighter portion of the spectrum, 
the width of the slit seldom exceeded inch ; when this width had to be increased 
in consequence of the feebler illumination towards the ends of the spectrum, the measure 
of the nearest air line as seen in the compound spectrum was again taken, and the places 
of the lines of the metal under observation were reckoned relatively to this known line. 

By this method of frequent reference to the principal air lines the measures are not 
sensibly affected by the errors which might have been introduced from the shifting of 
the lines in absolute position in consequence of alterations either in the width of the 
slit, in the place and direction of the discharge before the slit, or in the apparatus from 
variations of temperature, flexure or other causes. 

The usual place of the electrodes was about *7 inch from the slit, though oocanonally 
they were brought nearer to the slit. When they are placed in such close proximity, 
the sparks chaige the spectroscope by induction, but the inconvenience of sparks striking 
from the eyepiece to the observer may be prevented by placing the hand upon the 
apparatus, or putting, the latter into metallic communication with the earth. 
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The spectrtim of comparison was received by reflexion flrom a prism placed in the 
usual manner over one-half of the slit Ajs the spectrum of the discharge between 
points ofl platinum, when these are not too close, is, with the exception of two or 
three easily recognized lines, a pure air-spectrum, this was usually employed as a con- 
venient spectrum of comparison for distinguishing those lines in the compound spectrum 
which were due to the particular metal employed as electrodes. The measures, however, 
of all the lines, including those of the air-spectrum itself, were invariably taken from 
the light received into the instrument directly, and in no case has the position of a line- 
been obtained by measures of it taken in the spectrum of the light reflected into the slit 
by the prism. 

The measures of all the lines were taken more than once ; and when any discordance 
was observed between the different sets, the lines were again observed. The spectra of 
most of the metals were re-measured at different times of observing. In the measure- 
ment of the solar lines for their coordination with the standard air-spectrum, the 
observations were repeated on several different occasions during the progress of the 
experiments. The line G of the solar Table is the one so marked by Kirchhopp*. 
When no change in the instrument could be detected, the measures came out very closely 
accordant, for the most part identical. The discordances due to small alterations in the 
instrument itself were never greater than 6 or 6 of the units of measurement in the 
whole arc of 4966 units. As the apparatus remained in one place free from all appa- 
rent derangement, these alterations are probably due to changes of temperature. The 
method employed to eliminate these discordances has been described. 

Throughout the whole pf the bright portion of the spectrum the probable error of 
the measures of the narrow and well-defined lines does not, I believe, exceed one unit 
of the scale. 

In the case of lines of sensible breadth and of nebulous bands, the point of intersection 
of the wires of the micrometer was brought as nearly as possible upon the centre of the 
lines. 

7. It is well known that the Unes of different metals as a whole, as well ^ the lines 
of the same metal amongst themselves, differ greatly in their characters. For example, 
the narrow sharply-defined lines of cobalt and iron contrast strikingly with the broader 
and nebulously edged lines of antimony and arsenic. The spectrum of zinc affords a 
good example of the differences in this respect between lines of the same metal. In 
general, it may be that the less volatile a metal is, the narrower and more sharp are 
the lines, though indeed in the case of the metals barium, calcium, and strontium 
many of the lines are of hair-like narrowness and sharply defined. 

In the spectra of many of the metals bands of light also exist, generally rather broad 
and fidnt, which are not resolvable with my instrument into lines. Many of these have 
the appearance of being true nebulous Imds, whilst others under careful scrutiny 
present indications of being probably composed of lines. 

* ITatersaohniigea d, Soimflo^peotium, 8 11^ Beilin, 1863. 
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These characteristic differences of the lines deserve more careful scrutiny than it was 
needful, in accordance with my present purpose, to bestow upon them. As approxi- 
mative indications of their character, the following abbreviations are placed against the 
numbers in the Tables : — 

A line sharply defined at the edges, and narrow when the slit is narrow . . , s 

A band of light, defined as a line, but remaining even with a narrow slit, nebulous 


at the edges 

A haze of light irresolvable into lines h 

Double, too close for measurement d 


The comparative intensity of the lines is indicated by the smaller figures, which are 
placed in the position of exponents against the numbers in the Tables. I purposed to 
limit these estimations to the first ten figures, but so many faint lines were seen that 
the scale has been extended by adding factional parts of unity. These figures may be 
accepted as approximative estimations of the relative intensity of the lines of each spec- 
trum. But as the spectra were not, for this purpose, compared one with another, and 
so many circumstances affect eye-estimations of brightness, these figures must not be 
taken otherwise than as roughly indicating the values in intensity of the lines of 
different spectra. 

In many cases some of the lines of one metal will be seen to be very closely approxi- 
mated in position to those of another metal, though they do not actually coincide. In 
the Tables there are lines^ of different metals having the same numbers, these may with 
a greater dispersive power be found to be only very near each other. In the case of 
some, there may be small errors of observation ; for to have compared each spectrum 
with all the others would have involved very great labour. 

8. I am indebted to the kindness of Professor W. A. Miller for the loan of specimens 
of gold, silver, thallium, cadmium, lead, tin, bismuth, antimony, arsenic, and palladium. 
Dr. Mattuiessen has furnished me with lithium, calcium, and strontium* and purified 
tin, cadmium, lead, bismuth, antimony, and iron. I have procured from Merars. John- 
son and Matthey tellurium, palladium, osmium, rhodium, iridium, and pure platinum. 

I have electro-deposited upon platinum, from the solutions of their salts, silver, man- 
ganese, chromium, lead, tin, cadmium, cobalt, bismuth, nickel, antimony, and iron. I 
have also prepared by the voltaic method, amalgams of sodium, potassium, barium, and 
strontium. 

9. Ths aif'^ectrum . — ^The lines given in this spectrum are present with all electrodes 
when the spark is taken in air at the common pressure. To distinguish the lines which 
belong fo air, the spectrum between electrodes of platinum was observed simultaneously 
with that between points of gold. The lines common to both these spectra were measured 
as those due to the components of air. The spectrum thus obtained remains invariably 

* Dr. MATTSinnai infomu me that "the oaldtim, strontitan, and lithium were prepared froin the jHife 
chloridea aa deectibed in the Quart J[ottmt. Chem. See., voL viiL pp. 107, 148." 
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constaat, with reference to the position and relative characteristics of its lines, with all 
the metals which have been employed. The air-spectrum as a whoUy however, varies 
considerably in intensity and distinctness with electrodes of different metals. As the lines 
are due to the stratum of air separating the points of the electrodes, it is to be expected 
that these lines will appear strongest and most distinct when those metals are employed 
which, being less volatile, Will therefore in a less degree displace the air between the 
electrodes with their own special vapour. This consideration appears to be confirmed by 
observation. The air-spectrum is especially intense and distinct when the spark is taken 
between points of platinum, gold, iridium, and rhodium; whilst, of all the metals which 
I have employed, mercury and sodium, perhaps, are those with which the intensity of 
the air-spectrum is most diminished. With these comparatively very volatile metals, 
the air between and about the electrodes must be, to a very considerable extent, replaced 
by the metals themselves in a state of vapour. It accords with this suggested explana- 
tion of the differences in brightness of the air lines with different metals, that, if the 
electrodes be mercury or sodium and a platinum wire, the air-spectrunr is observed to 
be weaker when the current is so directed that the greater heating effect of the dis- 
charge shall be at the mercury or sodium electrode, and to become perceptibly stronger 
when the current is reversed. It is known that, within certain limits, the air-spectrum 
is rendered more intense by the separation of the electrodes. 

The following experiments have been made to refer the lines of this compound spec- 
trum to the components of common air to which they severally belong 

a. Hydrogen . — ^The strong line of the air-spectrum at 589*5 is coincident with Fraun- 
hofer’s C, and with the ^ line of hydrogen. 

When the spark is taken in air that has passed over sulphuric acid, this line becomes 
very faint. A larger surface of acid being employed, the line faded out so completely 
that no trace of it could be perceived. Steam was then mixed with air, when this line 
became much brighter and the other lines of hydrogen appeared. 

The presence and comparative brightness of this line form a delicate test for aqueous 
vapour. • 

b. Ccofhomo oM. — ^Air that had passed through a solution of caustic potash was 
examined, but its spectrum was not observed to differ 5x>m that of ordinary air. When 
carbonic acid is added to air, several prominent lines make their appearance. These 
aie due to carbon, since they coincide with lines in the spectrum of graphite. One of 
the strongest and most characteristic of these lines, and a test for carbonic acid, is a red 
Une a little less refrangible than the hydrogen line. Its number is 580*6. 

[Though a good indication of the oxygen and nitrogen compounds of carbon, the 
absence of this line must not always be accepted as a proof that no carbon is present. 

1 have recently found that, when carbon is subjected to the induction spark in the pre- 
sence of hydrogen, this line in the red is not seen. Further details of these experiments 
will be given whmi the spectrum of carbon is described.— February 7, 1864.] 

0 . the spectrum of the electric spark when taken in a current of pure 
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nitrogen, a few of the lines of common air are wanting, but no new lines appear.* The 
lines of the air-spectrum which remain in nitrogen preserve unaltered their ^lative 
brightness and their distinctive characters. In the Tables these lines are distinguished 
by the letter N. 

The nitrogen was prepared by causing air freed from carbonic acid by potash, to pass 
over :i^-hot finely divided copper which had been previously reduced from the oxide 
by hydrogen. The nitrogen was then dried by sulphuric acid. The freeness of the 
nitrogen from oxygen and from moisture was shown by the total extinction of all the 
lines which did not retain their usual brightness, and the absence of any trace of the 
strong hydrogen line. Subsequently a fresh portion of nitrogen was prepared by the 
same method, and a portion of it sealed up at the common pressure in a glass tube of 
suitable form, pierced with platinum electrodes. This tube continues to give results 
identical with those obtained in the current of nitrogen. 

d. Oxygen — When a current of oxygen from fused chlorate of potash was substituted 
for nitrogen, the numerous lines of the nitrogen spectrum faded out, and those which 
were extinguished by nitrogen reappeared with an intensity greater than they possess 
when the spark passes in air. These are distinguished in the Tables with the 
letter O. 

No new lines were added to the spectrum, but an unexpected result was observed. 
Two (it may be, three) of the lines visible in nitrogen remained also in oxygen. The 
most noticeable of these is the double line 2642. This in the air-spectrum is not quite 
so strong as the line next in greater refrungibility. This brighter line became extinct 
in oxygen at the same time that the double line remained fully as brilliant as in air, if 
not a little exalted in intensity. This result, therefore, could not be due to any oxygen 
remaining in the nitrogen, or of nitrogen in the oxygen. The other line, which behaves 
similarly in oxygen and nitrogen, is ihe^hazy one in the red, 807. The line in the Tables 
marked with the symbols of nitrogen and oxygen, at 3456, is in the air-spectrum a 
double line. The narrow defined line of nitrogen is superposed upon the broader nebu- 
lous line of oxygen. Oxygen and nitrogen from other sources were then examined. 
Nitrogen was evolved from a mixture of nitrite of potash and chloride of ammonium. 
Oxygen was obtained from peroxide of manganese and sulphuric acid, also from bichro- 
mate of potash and sulphuric acid, and also from oxide of mercury. The gases thus • 
jurepared were identical in their action upon the spectrum with those previously 
examined. I have not at4)resent carried this inquiry further. 

[I have carefully re-examined the lines which are apparently common to nitrogen and 
to oxygen. I now regard them as due to the superposition in the air-spectrum* of lines of 
oxygen and of nitrogen. When the most remarkable of these, the double line 2642, is 
closely observed with the eyepiece of a power of 36 times, the double line, as a whole, 
appears to become in a slight degree more refrangible when the air is replaced by oxygen. 
As the oxygen lines of the air-spectrum become more brilliant in oxygen, the phenome- 
non obwrved may be explained by supposing a pair of tmequally bright oxygen linfla to 
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be closely approximated in position to, but a little more refrangible than, a similar 
pair of nitrogen lines. 

In air these four lines would form an ill'defined double line, while in oxygen the 
exaltation in brilliancy of the^lines due to oxygen would make up for the extinction of 
those of nitrogen, thus leaving a pair similar to that seen in air, but now a little more 
refrangible, from the loss of the less refrangible line of nitrogen, and the greater bright- 
ness of the faint and more refrangible of the oxygen lines. This explanation exactly 
corresponds with the changes in appearance and position of the double line. The obser- 
vations have been repeated several times with oxygen from chlorate of potash, and also 
with oxygen from bichromate of potash 6md sulphuric acid. The change in position as 
observed relatively to the corresponding air line in the spectrum of comparison was not 
relied upon. The fixed cross of the micrometer was made to coincide with the oxygen 
line next in less refrangibility, 2626, the moveable cross was then brought upon the 
centre of the brighter of the pair 2642. When a current of pure oxygen was made to 
pass through the glass tube in which the platinum electrodes were sealed, the double 
line was seen to have moved from the point of intersection of the wires towards the 
more refrangible end of the spectrum. To restore the cross to a position similar to that 
which it before occupied, namely, upon the centre nearly af the brighter of the pair of 
lines, required that the screw should be turned through a part of a revolution corre- 
sponding to a little more than two units of the scale. This measure is greater than 
the apparent change in position would have suggested, for in oxygen the lines are rather 
broader and more nebulous. The distance between the components of the double line 
is greater in oxygen. The alterations of position and of character are much better seen 
when the spectra of oxygen and nitrogen are viewed simultaneously. 

A similar explanation is to be given of the nebulous band in the red at 807. In 
oxygen the position of greatest brightness is more refrangible than it is in air and in 
nitrogen, though the band itself does not advance beyond the more refrangible limit of 
the corresponding band in air. The line at 629*6 is a pure nitrogen one and fades out 
completely in oxygen, but then a nebulous line appears at a little distance, about 638. 
Of this, in the air-spectrum, a faint trace only can be perceived. — Feb. 1864.] 

10. Sodium . — ^When the spark was passed between electrodes of sodium, in addition 
to the well-known double line, three other pairs of lines and a nebulous band made 
theii* appearance in the spectrum. The two more prominent of these are not far from 
air lines, and with an instrument of insufficient dispersive power might easily be con- 
founded with them. As these lines might be occasioned by impurities in the com- 
mercial sodium employed, I prepared an amalgam of sodium, by making mercury the 
negative electrode in a solution bf pure chloride of sodium. The mercury had been 
examined, and its spectrum was known. When the spark passed between this amalgam 
and a platinum wire, the same lines were seen, with their peculiar characteristics of 
relative position and intensity. Ck)tton moistened with solutions of chloride of sodium 
and of nitrate of soda was then used as one electrode, the other being a platinum wire. 

MDCCCLIOV, X* 
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With both these salts the pairs at 820 and 1170 were satisfactorily observed, though it 
was with some difficulty, and only by occasional glimpses. 

I then compared the sodium-spectrum directly with that of the sun. So numerous 
are the fine lines of the solar spectrum, and so difficult ^ it to be certain of absolute 
coincidence, that I hesitate to say more than that the pair of lines 818 and 821 appeared 
to agree in position with Kirchhopp’s lines 864*4 and 867*1 ; and of the pair 1169 and 
1174, one appears to coincide with a line sharply seen in the solar spectrum, but not 
marked in Kibghhopf’s Map, which would be about 1160*2 of his scale, and the other 
with Kirchhofp’s line 1164*2. The other pair and the nebulous band are too faint to 
admit of satisfactory comparison with solar lines. 

11. Potassium . — When commercial potassium is employed as an electrode, about 16 
lines are seen in addition to the pair near A of the solar spectrum. Four quite distinct 
specimens of potassium gave identical results, the same lines being visible in all, and no 
other lines. I then prepared by electricity an amalgam of potassium, but, with the 
exception of the line 840 occasionally visible, the lines were not seen. As the potas- 
Mum lines are fainter than those of sodium, this negative result does not appear to be 
conclusive, since the great intensity of the mercury-spectrum might overpower the feebler 
lines of potassium, especially when this was present only in small quantity and not in 
the concentrated metallic form. One electrode was then surrounded with cotton con- 
taining concentrated solution of chloride of potassium, and afterwards vidth cotton con- 
taining that of caustic potash. With both these, rather more easily with the latter, 
the lines 840, 1049, 1066, and 1073 were occasionally and faintly perceived. 

[This great diminution in the brilliancy and number of the lines when, in the place 
of metallic potassium, solutions of its salts are substituted, may be due to the unfavour- 
able condition of the latter for the production of potassium vapour. The large volume 
of the gases formed by the decomposition of the water must disperse and attenuate the 
comparatively small volume of vapour of the element forming the base of the salt, and 
also the great expansion in the gaseous state of the constituents of the water would 
lower the temperature of the vapour of potassium mingled with them. The salts should 
be subjected to the discharge free from water, and in a condition in which they conduct 
the current. If dry, or fused upon the wires, they are disrupted and scattered. 

A platinum wire was coiled at one extremity into a little cup-like cage. Chloride of 
potassium was placed in this and fused. This wire, with the fused bead of chloride, was 
placed above the platinum wire forming the other electrode. A spirit-lamp is placed 
beneath the wires ; as soon as the bead is in a state of fusion, the lamp is withdrawn 
and contact immediately made. During the few seconds that the chloride remains 
fused, most of the lines of metallic potassium are seen. Of the lines 1828 and 840 the 
observation is less certain, and is very doubtful of 763 and of 727, 

Frotochloride of tin similarly employed gives a brilliant spectrum of tin. ^Feb. 1864.1 

12. CdUivm. — The spectrum was obtained from electrodes of metallic calcium, fup- 
plied to me by Dr. Matthiessew. The colour of the spark, as seen by the eye, is bill- 
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liant red purple. The contrast is exceedingly beautiful between this and the intense 
green light of thallium. Two or three nebulous bands in the red present indications of 
resolvability. There is also a diffused green light from 1297 to 1375. The line 1506 is 
in a small d^ree more refrangible than the strong thallium line. The strong line 1260 
is very near a tin line, but the contrast between the sharp calcium line and the nebulous 
tin line is very marked. A pair of strong lines is seen near the extreme refrangible end 
of the spectrum, which may coincide with those of Fraunhofer’s H. This specimen of 
calcium produced also the lines of magnesium ; these were of course omitted, as on the 
chemical analysis of this specimen of calcium it was found to contain magnesium. 

18. Barium . — ^As I could not obtain barium in the metallic state, I prepared an 
amalgam of barium by the electrolysis of chloride of “barium. The mercury was a 
portion of the same used in the other experiments, and which had been examined in 
the spectroscope. The spectrum is one of great beauty, and the lines are for the most 
part sharp, narrow, and intense. There is a very strong line in the indigo, near a line 
of platinum ; the latter is furnished also by my specimens of iridium and rhodium. 

The line next in greater refrangibility appears to agree very nearly in position with 
one of tin. 

14. Strontium . — Metallic strontium prepared by Dr. Matthiessen was employed. 
The spectrum is exceedingly brilliant, the lines being numerous, narrow, and intense. 
It is remarkable for several bright nebulous columns in the red and orange ; these pre- 
sent indications of containing numerous fine lines. 

This metallic strontium contains calcium, the lines of which have been eliminated. 
An amalgam of strontium was prepared, and with this all the principal lines of the 
spectrum from the metal were confirmed. As might be expected, many of the fainter 
lines were not recognized in the spectnim of the amalgam. 

15. Mangamse . — ^The lines were obtained from an electro-deposit of manganese from 
a solution of the chloride of manganese. Upon comparing this with a specimen of 
manganese which I was informed had been reduced by charcoal, all the lines of the 
electro-deposited manganese were seen in the other ; but this contained, in addition, the 
numerous lines of the iron-spectrum. The most diaracteristic groups” are a triple line 
from 909 to 915*5, the five lines from 2267 to 2401, and the close group extending 
from 3097 to 3133. 

There are two remarkable broad nebulous bands, one at 840 and the other at 1565 ; 
frie former, I suspect, is double. As the deposited manganese is brittle, the lines were 
fitful in consequence of the disruption of portions of the deposit by the spark. This 
may be the reason that some of the finer lines were not observed. 

16. 2^liaffmm.-^The specimen of thallium was lent me by Professor W. A. Miller, 
who received it as pure thallium from Mr. Crookes. With the exception of a few faint 
lines, one in the red rather strong, and h distinct line near the most refrangible end, the 
spectrum agreed with the description in Professor Miller’s Note ” on Thallium*. 

* iPsoote^Bngi of the Boyal Society, /anoary 186S, voL adi. p. 407. 

x2 
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17. Silver. — ^The spectram is that of electrotype silver, obtained from pure nitmte of 
silver in cyanide of potassium. 

18. Tellurium. — ^This metal was supplied to me as pure by Messrs. Johnson and 
Matthby. It contains many strong and characteristic lines. The strong line in the red 
is very near the strong line in cadmium, but the latter is in a small degree less refran- 
gible. 

19. Tin. — ^The spectrum was obtained from purified tin, and confirmed by compa- 
rison with electrotype tin ; one line, not observed in the spectrum of the latter, has 
been omitted. 

20. Iron. — Electrotype iron was employed. This spectrum agreed exactly with a 
specimen received from Dr. Matthiessen as very nearly, if not quite, pure iron. 

21. Cadmium. — ^The spectrum of purified cadmium was confirmed by comparison with 
cadmium electro-deposited. 

22. Antimony. — ^The numerous and strong lines of this spectrum are, for the most 
part, nebulous at their boundaries. The spectrum is that of electro-deposited antimony. 

23. Gold. — ^The specimen of which the spectrum is given was received from Pro- 
fessor Miller. It was reduced by him from the pure chloride, and fused under bisul- 
phate of potash. 

24. Bismuth. — Electro-deposited from the nitrate of bismuth. 

25. Mercury. — Commercially pure mercury was washed with nitric acid, and then 
distilled. A portion of this was placed in a small cup made from glass tube, into which 
a platinum wire was sealed. The other electrode was a platinum wire. 

26. Cohalt. — Electrotype cobalt from the chloride was employed. The lines are 
numerous, sharp, and narrow, and in their groupings there is considerable resemblance 
to the spectrum of iron. 

27. Arsenio. — From a specimen of carefully re-sublimed arsenic received from Pro- 
fessor Miller. The strong line 1814 is very near, but not quite so refrangible as, one 
of the strong lines of copper. The strong line in the red, 812, is near the hazy band of 
the air-spectrum. 

28. Lead. — The lead was obtained by electrolysis from the nitrate of lead. 

29. Zinc. — Electrotype zinc was used. This spectrum is remarkable for the strong 
contrast between the nebulous lines, and others near them sharply defined. 

30. Chromium. — ^The chromium was electro-deposited. The triple nebulous band 
from 1081 to 1090 is remarkable. The groups of lines in the blue and indigo, which 
for 4he most part fall between air lines, are very beautiful, and in a marked manner 
characteristic of this metal. 

31. Osmium. — ^Received as pure 'from Messrs. Johnson and Matthet. Iridium and 
rhodium have also been measured, but, as these have lines in common, their spectra are 
deferred. 

32. Palladium. — A. specimen prepared by Dr. Wollaston was observed simulta- 
neously with palladium received as pure from Messrs. Johnson and Matthbt. The 
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latter contained several lines which were not in the Wollaston specimen. The lines 
only which were common to both spectra were measured, and are given in the Tables. 

Nebulous bands, probably resolvable, are seen at 1000, and from 1219 to 1233. 

33. Platinum . — ^The lines of platinum are not easily observed, as several of them are 
fainter than- the air lines near which they occur. The points of platinum must be 
brought near each other. The spectrum was mapped from electrodes of platinum wire 
specially prepared by Messrs. Johnson and Matthby as “ pure” platinum. 

There are two bands of fine lines at 913 and 939. 

34. The spectrum of Lithium was observ^ from electrodes of metallic lithium. Only 
one line of moderate intensity was seen in addition to the three strong lines which are 
known. The numbers are 621 ‘5*6, 866® s, 2013* s, 2732* n. 

35. Several other spectra have been measured, or are in progress ; these are reserved 
until the remaining metals and elements, as far as may be practicable, have been investi- 
gated. 


Note to the Tables. 

Upon a re-examination of the Tables I found that it frequently occurred that lines of 
two or more metals were denoted by the same number. It appeared probable that these 
lines having a common number were not coincident, but only approximated in position 
within the limits of one unit of the scale employed ; and besides, there might be small 
errors of observation. I therefore selected about fifty of these groups of lines denoted 
by common numbers, and compared the lines of each group the one with the other, by 
a simultaneous observation of the difibrent metals to which they belong. Some of the 
lines were found to be too faint and ill-defined to admit of being more accurately deter- 
mined in position relatively to each other. 

The following lines appear with my instrument to be coincident. 

Zn, As 909 Na, Ba 1005 O, As 1737 

Na,Pbl000 Te, N 1366 Cr, N 2336 


Of a much larger number of groups, the lines were, by careful scrutiny, observed to 
differ in position by very small quantities, corresponding for the most part to fractional 
parts of the unit of measurement adopted in the Tables. These are — 


Sn 

459 

Ba 

621-5 

Te 

657 

Bi 

837-3 

Co 

937 

Sb 

1081 

Te 

1485 

Zn 

1797 

Sb 

468-8 

Bi 

621 

Cd 

666 

Sb 

837 

Sb 

937-5 

Au 

1081-6 

Fe 

1486-3 

Pd 

1798 

Ca 

615 

Ca 

622 

Fe 

696-2 

Cd 

889 

Au 

981 

Ca 

1266 

T1 

1605 

T1 

1851 

Au 

616 

Fo 

623 

Zn 

696 

Sb 

889-5 

Sb 

981-6 

Co 

1267 

Mn 

1506-6 

Bi 

1851-3 

Te 

646-5 

Au 

643 

Sb 

765 

As 

908-8 

Ca 

1031 

Fe 

1276 

Pd 

1548 

Sb 

1900 

Sb 

645 

Ca 

642 

To 

766-3 

Mn 

909 

Pd 

1031-5 

Ag 

1276-3 

Fe 

1648-2 

Pb 

1900-3 



Fo 

641-6 





Ag 

1031-2 




N 

1900 









Pb 

1031-1 







Sn 

681 

Ca 

649 

Na 

818-3 

Ca 

921-2 

Te 

1030-3 

Fe 

1438 

Pb 

1593-3 



Bi 

681-6 

Su 

648 

Ca 

818 

T1 

921 



Te 

1438-3 

Fe 

1693 




CSo 921 
Sb 921-1 
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Ag. Te. Sn. Fe. 


B 449 



418* 8 
426* ■ 


44H s 444* 


486-* 8 480* 


489* 8 


N 865-5* 
589-5 H 589-5* b 


N 629-5* 


NO 807*h,»i 


727-’ 8 655* 
699* 
709-* 
768-* 8 723 * 


818'-* 8 
821* 8 


840'-* 8 


573* 8 


608* 8 
621-5^8 


648* 8 


596* 8 


669* 8 

681* 8 

684* 8 

704* 8 692-* 8 

703 * 8 704 * 8 

705-8-* 8 

723 

745-* 8 

760 h 

847* 8 777 h 

879* 8 807-* 8 8371 ^ 

888* 8 843 1 “ 


845 3*n 


623* 8 


857-3*8 


641-5*8 


848* 8 667-* 8 


898* 8 


703 * n 


735* 8 

762 * 8 765-8*n 

768* h 774* 8 


* 1000 
*1005 


N 989* 
N 967* 
N 975* 
N 978* 


882 h 894* 8 

921-2-*b 1 

908'-* 8 909*-* 8 899-* 8 917* 8 

934 h 928*-* e 924 h 913*-’ 8 927 * n 

943'-* 8 941 > h 918*-5 8 921* 8 943 * 8 945-8*8 

993 * 8 948* 8 971'-88 

960* 8 


673* 8 
874-* n 
683-* 8 
896-2-’ 8 


709-* 8 
719* 8 
726 -’ 
788-* 
763* 
772* 
798* 
829* 
852* 
869-8-* 
909* 
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Au. Bi. Hg. Co. A». Pb. Zn. Cr. Ob. Pd. Pt. 



645' n,d 


48(P a 


542*5^ a 


672‘ n 


701** a 
731* a 
7«-* a 


707* n 
759*' n 


541* a 


677‘ n- 


621* n 

696* a 640*’ n 641* a 
654* n 


782* a 


685*’ a 


689 * a 


741’ a 


763* a 

812« n 898* a 817* n 

844 h 833* n 855* n 

850* n 843>-’n 

865* a 

891** a 870* n 856-* n 

895* a 


762 * a 
837 * a 


908-8* n 909* n 

921' a 924* u 

923-* a • 

981-* a 

987-* a 

985* a 

1000* n 1001* a 


913 h 


929 * a 




939 h 

950 * a 

995 1 958 * a 


Cd. Sb. Au. Bi. Hg. Co. Aa Pb. Zn. O. Oa. Pd. Pt. 
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Na. K Ca. Ba. Sr. Mn. T1 



Ag- Te. 


D* 1005 


N 1100-‘ 
N 1I18‘ 

B l]35-> 
B 1150* 

B 1171** 
B 1177* 

B 1180* 

B 1187^ 


B 1294‘ 
B 1303* 
B 1310'» 
B l314-5 ‘ 
B 1319 ’ 

I N 1349*-* 

B 1368* 

B1883** 

B 1394** 


1049* n 
1085*“ n 
1073**‘ n 


1034" B 


1249*“ 8 
1259>*» bI 
1256** 
1268-5** 

1280 * B 

1285-* 




1090*' B 


1268-* 8 1289* B 


1328* n 


1336** 8 


'1301* 8 

I305**» 8 1329**» n 

I3II* 8 

1324* 8 


N 1502* 
B 1516*. 

B 1537* 


1506* 8 


1341* 8 

1349 * h 

1369* 8 

1385* 8 1376* 8 

1897**’ 8 1413 * 8 
1428* 8 

1425 * 8 1438 * 8 
1467*** b 1443 * 8 

1452* 8 

1466* 


236'** 

247*» 

1251* 

261* 

274** 

276 ** 



1459 5**8 


1485*3** 8 
I486** 8 
1486*5 *8 


IfnTgMI 


1582* 8 
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JTTS. 


From D to £. 


Cd. 

Sb. 

Au. 

Bi. 

1 

1 

' Co. 

As. 

Pb. 

Zn. 

Cr. 

Oa. 

Pd. 

Ft. 


i 

1 

I 

toil' n 


1008'* n 



1015* n 








1025* a 

1026* n 

1019" n 






1029' a 

1023'* a 









1031-1*8 




1031-5 h 



■Tnl&ni 

mm 

1059' n 



1042' n 






1041 *8 





1060*“ n 








1045 * a 













1056^ a 



IMIIS 



1074 h 



1055 * n 















1062'* a 

1081' h 


1068 h 



1145*n 

mm 


1083 5“ n 


1090' * n 

1094* n 

;1087' h! 


1073'* d 





1100a'‘n 


1 


1110* a 

1090' h 

1093 * a 

1084 h 





1143“ n 











U58‘ n 



1177* n 




1122 * n 






1189 ‘n 


1197* n 







1141' a 

1127-* a 




1199* a 










1129' a 









1203* n 



1212' a 


1185'* a 



1207' h 



1 










1214* n 








1242'-* a 


1199* a 



1220' n 



1252' n 











1266 * n 





1 







1279* n 















1293' a 


laio** a 









1383* n 




1043 * a 






1212* a 





1305 * a 


1207'* a 

1231'* n 

1240* 








• « • • « 



1217'* a 

1257* n 

♦ ••••♦ 



1264' a 

12191 . 







1257'* a 


1279* n 

1269'* n 



1233/ “ 




• • a • • • 









1240-5* a 


• •••«» 





»..••• 



1283' n 



1248* a 







1361' a 

1291“ n 





1259-5'* a, d 







UOl'-’.a 













1470 * a 





1322* a 

1281' * a 







1483' a 






1299' a 






1385“* n 

1491' a 

1348“ n 





1303'-’ n 







1496 * a 






1331'-* n 

1367-’ a 




1395' h 







1405 * a 

1380'-* a 



1457 h 

1 



1500-5* a 












1421'* n 

1501-5*8 




1439''* a 

1432' * a 

1412-' a 

! 

1473‘® n 

1471* n 


1453' h 


1508 * a 

1443' n 




1 

1456* a 

! 1459 * a 





1487'* n 

1514* a 




1507'6'^a 


1492'* a 

1484'* a 







1525'’n,d 

1465' n 



1510' a 

, 







1495' h 


1534'* a 


1479* n 




1511* a 


1 





1539'* a 






1548* a 


1517*®n 





1543* a 




1532' a 



1561- a 

I 





1549-* a 



1519* n 



1569' a 


1S56> n 





1573 * a 

1529“ n 



1567' a, d 









1579 * a 













1583 * n 

1584'* a 

1577' n 




1594'* a 







1598* n 


1586'-* a 


i 











1591'* a 


1593'3'*n 




i 


Cd. 

Sb. 

Au. 

Bi. 

1 

Hg. 

Co. 

1 

As. 

Pb. 

' 

Zn. 

Cr. 

Oa. 

Pd. I 

Pt. i 

1 


N.B. In the column Ba the line 1271* should be 1S08* and the line 1327*. 
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Table III. 


Solar. 

Air. 

Na. 

K. 

Ctt. 

Ba. 

Sr. 

Mn. 

Tl. 

Ag. 

Te. 

Sn. 

Fe. 

17 

ri599 













JSi 


















1605’ 8 








1603 ’ 8 





1609 ’ 8 


1617’ 8 

1617’ 8 





1608 ’ 8 





1612'-’ 8 


1638’ s 




1658-’ n 


1613’ 8 


0 1678-’ 





1651'-’ 8 






1657’ n 

1631* ' 8 







1656'-’ 8 

• « • • • 


1675’ n 



1632 ’ 8 


0 1699 * 





1659' ‘a 






1645' 8 


N1713h 



1702' 6 


1665' 8 






1653' 8 


fl708 

N1718h» 





1745' s 






1662‘8,d 


1723 

N 1721 h 







1747’ n 




1691’ 8 


17315 












1696-’ 8 


0 173F 









1773' n 


1698 ’ 8 



1746' n 










17I3-’ 8 



1753’ n 


• . ... 








1728' 8 













1731* 8 













1753 ’ 8 







1817 • 


1851' n 




1767 ’ 8 


N I860 ’ 










1821’ n 

1775 ’ 8 













1821 h 


N 1900' 







1885' 8 


1909 ’ n 




N 1929-^ 













N1941 ’ 



1935 ’ 8 










N 1951 ’ 













N 1956- 











1940' 5 H 


N 1960 5“> 






1 







N 1967“’ 






1 



1 




N 1978’ 













N 1990’ 














1991 h 



















1999^ )i 



— 



02013' 





2021' 8 






2036'’ 8 


O 2080’ 





2029’ 8 








N 2079 ’ 





2060 h 


2146’ 8 






O 2089’ 





2075’ n 

2145' 8 








02119 ’ 













N2140-’ 





21 76'-’ 8 






2092* 8 


0 2145’ 




2133’ n 







2098’8,d 


N 2168’ 








MM 






1 










2147' 8 





2172 ’ 8 










02181-’ 





2180'*’ 8 













2185' 8 








N2192’ 






















2191' h 



F 

2200 










IBI 



Solar. 

Air. 

Na. 

K. 

Ca. 

Ba. 

Sr. 

Mn. 

Tl. 

Ag. 

Te. 

Sn. 

Fc. 


* When the induction Hpark is taken in oxygon, a faint lino is seen nearly in the position of the nitrogen lino 
1718. Since the lines of oxygen have a diminished intensity when the spark passes in air, this lino would bo 
too faint to bo distinctly observed in the air-spectrum, in which it occurs in a position of close proximity to 
brighter lines of nitrogen. 
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Solar. 


F9S00 


I a 3597 
I 


i 


II 5277 


Solar. 


Table IV. 


Air. 

Na. 

K, 

Co. 

Ba. 

Sr. 

Mn. 

Tl. 

Ag. 

Te. 

Sn. 

Fe. 

N 

2205* 







2213* 8 








0 

2218*’ 















N 

2221*’ 















N 

2305’ 




i * ■ 



2254***8 

2267* 

8 



2245* h 

2205’ n 


N 

2336> 







2291***8 

2343* 

8 



2341** h 



N 

2350*’ 


2260’ 

n 




2343**’ 8 

2379* 

8 



2497 h 



0 

2502*’ n 







2410*’ 8 

2385’ 

6 

2379’ n 





0 

2512*’ n 







2427* 8 

2401’ 

8 



2595* n 



0 

2563-’ n 






2459*’ a 

2469* 8 

2433* 

8 

2437* n 


2613* n 



0 

2597*’ n 







2726’ n 

2456* 

8 






0 

2626’ 




• * 4 • • 



... 

2492 

h 




2777’ n 

2781*’ 8 

N. 0 2642» d 







2535*’ 8 






2730* n 



N 

2669’ 












2739* n 



N 

2689’ 















N 

2707' 















N 

2722'** 















N 

2738'*» 

*• 














0 

2748* 




2777*’ 

6 











0 

2766* 




2784*’ 

n 










N 

2856 h 




2792*’ 

8 

2856* 8 

• . ♦ » • 








N 

29041 . 












2875 h 



N 

2978 ; " 








2987** 

8 






N 

3009*' 






2931’ n 


2999** 

8 






N 

son* 








3021 * 

8 





3272'*’ 8 

N 

3056 h 















0 

3086 h 








3054* 





2931* n 


N 

3144 d 




3124’ 

8 



.3097* 




3051* h 


3341’ 8 

N 

3174 1 h 




3181’ 

8 


3169* 8 

3102’ 







3532'*’ 8 

N 

3219 / b 





• 



3114* 




3435*’ n 



0 

3238* n 




3212’ 

8 



3120* 

8 



\ 



o 

3241* n 







3389*’ n 

31315*' 

1 - 






N 

3292 h 


3328’ 

n 

3561’ 

8 


3409*’ n 

3133’ 


I 


\ 

1 

1 


0 

3395* n 




3602*5’* 

'^8 



3141* 

8 






34 : 16 ^ n 




3617* 

8 


3489* n 

3180* 





! 

0 

3560^ n,cl 


3591**‘ 

n 

3628’*’ 

8 


3553* h 

3242* 



...... 


'3597'*’ 8 

0 

3710 h 




3665’ 

8 


3604’ n 

3691* 







N 

3863 h 


3762* 

n 

8692’*’ 

8 



3749 * 




3619’ n 


3623* ' H 

N 

3991 h 







3952’ I) 

3782* 







0 

4059* 




3909* 

8 









3728’ 8 

0 

4087* 


4082’ 

n 




4181’ n 

3870' 

0 





3773**8 

N 

4145 h 






4167’ n 






3779 h 


3812'*’ 8 

0 

4*232 















N 

4263* n 






• • « f • t 








4009* 8 

N 

4330 h 






4332’ n 









0 

4395’ 














4221* 8 

N 

4473* n 










4443’ n 




4267' 8 

N 

4505' n 












4708’ h 


4323* 8 

0 

4615’ n 







4599’ n 







46;i3' 8 

0 

46;t9* n 


4791’ 

n 










• 

4671' 8 

N 

4821 h 














4781* 8 

N 

5077*’ 







...... 






I..... 







5277’ 

n 










Air. 

Na. 

K. 

Ca. 

Ba. 

Sr. 

Mn. 

Tl. 


Te. 

Sn. 

Fe. 
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From F. to H. 


Cd. 

Sb. 

Au. 

Bt. 


Co. 

Ab. 

Pb. 

Zn. 

Cr. 

Of. 

Pd. 

Pt. 


2251> n 








2257 * 8 




2315" ■ 

2339* h 








2266'** 8 





2377* h 

2291 * ■ 



2236* B 






2279*5*8 



2397* n 



2363 * n 




2294* 8 

3336-* 8 




2562* ■ 

2440* n 

2326* B 

2317* n 


2286* 8 









2488* I) 




2325* 8 


2384* n 









2408* n 


2409 * 8 




2400* 8 





2529* n 



2167’ n 


2138‘* 8 

2450* n 



2406-* 8 





2687* h 

■ • « • * 

2453* n 


2471 * 8 



3469* 8 

2435** 8 





2740* h 


2502* n 


2550-*8 




2452** 8 





2763* n 








2474* 8 













2559* 8 










2785* n 

















2619* 8 







2837’ n 






2627** 8 





2977* n 




2823* n 

2859* h 



2632’* 8, d 



2857* 8 




3060' n 



2897* h 



2663 * 8 








#•#••• 

2862* 8 





2701* 8 
















2936**8 



3026**8 



2910* 8 




2740** 8 




• 

3n0‘ n 








2768-* 8 



2999*’ a 












3065** 8 


3239* ( 







3006'** h 



2840 * 8 

2861** 8 

i 



3359> h 








2871** 8 













2887** 8 

3225* 8 


3156* 8 




3.315* n 



3097** h 



2899** 8 

3421* 8 








1 




2914* 8 





3446* n 


3481* n 

3421* n 





2927* 8 

3583* 8 










3329* n 


3007* 8 







3519* n 






3444* 8 

3645* 8 


3525* 8 


3756* n 





3381* n 



3465* 8 





3819* n 


3619* n 






3473* 8 





4W3’’n 





3497* n 



3489* 8 







3778* n 

t t t 



3730* n 


3663* 8 

3773* 8 












3719* 8 













3797* 8 


3963* 8 









3831* n 


3905> 8 













3951* n 









4388* n 











4378* n 

4775* n 

4394* n 













4437* n 









• ••It. 


4603* n 



i 












4523* n 


4713* n 










5158* 11 









Cd. 

Sb. 

IT- 

Au. 

Bi. 

Hg. 

Co. 

An. 

Pb. 

Zn. 

Cr. 

Os. 

Pd. 

Pt. 
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ON THE SPBOTRA OF SOME OF THE CHEMICAL ELEMENTS. 


Note to Plates I. and II. 

The scale upon which the spectra have been laid down limits the intensity that can 
be given, in the engraving, to the stronger lines. From this cause the spectra, as 
engraved, appeal* too faint. If greater force had been given to the lines, by making 
them broader, they would, in sevei-al spectra, have occupied singly the space in which 
two or more lines have to be laid down. This deficiency in strength of some of the 
lines is more appreciated by the eye, in consequence of the shortness of the lines of tlie 
spectra, with the exception of those of the air-spectrum. The narrowness of the spectra 
of the metals is unavoidable, if the great advantage of having all the spectra upon one 
Plate is retained. 

In some of the spectra bands of unresolved light occur ; these, in the Plates, are crossed 
with lines that they may be distinguished from groups of fine lines. 
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III. Account of Magnetic Observations made in the years 1858-61 inclusive, in British 
ColumMa, Washington Territory, and Vancouver Island. By Captain R. W. Haig, 
B.A. Communicated by General Sabine, P.B.S. 

Received November 4, — RrCad November 26, 1863. 


In 1858 a Commission was appointed for the purpose of determining and marking the 
forty-ninth parallel of north latitude from the Pacific to the Rocky Mountains. At the 
suggestion of General Sabine, this Commission was provided with a set of portable 
magnetic instruments adapted for the determination of the three magnetic elements. 
Dip, Declination, and Total Force. These instruments were similar in kind to those 
which had been used on the Magnetic Survey of the United Kingdom. Before delivery 
to the Boundary Commission they were examined at the Kew Observatory, and several 
constants and tables for facilitating the computations were determined and prepared 
there. 

The method of transporting the instruments from place to place, and indeed every- 
thing appertaining to the Boundary Commission, was by means of packet mules. Two 
boxes (a very light load for one mule) contained all the magnetic instruments, which 
tlu'oughout four years of such rough usage retained their original efficiency. Some of 
the needles became somewhat rusted ; but I can suggest no alteration in the construction 
of such instruments, such as would increase their portability. The declinometer was, I 
think, unsatisfactoiy as regarded its capability of determining azimuths of the sun: 
when at an astronomical station, I necessarily had a meridian mark for the transit 
instrument, and I referred the direction of the magnet to such meridian. 

In assembling the results and deducing from them the directions and positions of the 
lines of equal dip, force, and declination, no notice has been taken of secular change. 
The only station at which we have data for judging of the extent of secular change is 
Fort Vancouver on the Columbia River. As regards dip, we find there 

♦ O i 

1830. Dip 69 39*7 Douglas. 

1839. Dip 69 22*2 Sir E. Belcher. 

1860. Dip 69 17*4 Present observations. 

The^e figures show an annual dimmution of dip of less than 1' per annum. The mean 
results of the present observations may be assumed to belong to the year 1860. The 
method of assembling the results and deter mining from them the position and direction 
of the lines of equal dip, force, and declination, is the same as that adopted in the 
Survey of the United Kingdom. 
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It consists in referring all the results to the point of mean longitude and latitude 
among all the stations, and assuming the differences of longitude ^and latitude expressed 
in geographical miles to be plane rectangular coordinates of distance from the origin. 
It is also assumed that the three magnetic elements vary uniformly over the whole 
district surveyed. 

Dip. 


Table I. gfives the individual results at each station, as well as the partial results from 
the needle when magnetized in opposite directions. Table II. shows the mean results, 
along with the most probable dip at each station computed by the method of minimum 
squares. By the method of minimum squares the variation of dip for one mile of 
longitude a:=+(y*272, and the variation for one mile of latitude y=-f0''776; from 
these values we get «=70'* 42' for the angle which an isoclinal line makes with the 


meridian measured from the north round by west, and - or 


1 


==1*216 mile for 


the distance between isoclinals whose difference of dip is 1'. Column 5 contains the 
most probable dip at each station (^), obtained from equations (f=z6^-\-ax•{'hy. The 
probable error of the computed dip at each station is nearly equal to 


Intensity of the Magnetic Force. 

The stations where these observations were made are the same as the dip stations. 
At ten of them observations of deflection and vibration for tlie horizontal component 
were made with the unihlar, and observations by Lloyd’s statical method for variation of 
the total force ; at the remaining eleven stations the statical method only was employed. 

Observations at the fii*st ten stations furnish values of the constant log A, of which a 
mean value might be adopted for use at the other eleven ; but from an examination of 
these values of log A, it appears that those belonging to 1861 are generally larger than 
preceding values, owing, I believe, to the weighted needle having become rusted. I 
have therefore adopted the mean of all values of log A previous to 1861 for statical 
observations up to that period, and the mean of those in 1861 for observations in that 
year. The first value is log A=0*91931, and that for 1861 is log A=0*92032. 

Table III. shows the unifilar observations, and the values of X, the horizontal com- 
ponent of the magnetic intensity, derived from them. Column 12 of this Table con- 
tains the dips at the several stations, and column 13 the total force ^=Xsec^. 

Panama, the first station in this Table, is not included in the general assemblage of 
results in Table IV., its distance from the other stations being too great. Table IV. 
shows the combination of all observations for force to determine the direction and 
distance apart of the isodynamic lines. Column 3 in this Table corresponds to column 
13 in Table III. We find (ic) the variation in total force for one mile of longitude 

= +0*000925, and (y) the variation for one mile of latitude =+0*000896; - the- 
distance between the isodynamic lines a unit of force apart=776*6 miles, or for a tenth 
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part of a unit =77*66 miles ; w, the angle which isodynamic lines make with the meridian 
measured from the north round by west, is 44® 6'. Column 11 of Table IV. contains 
the most probable value of the total force at each station, and the probable error of 
one such value is ±0*044. 

Declination. 

Table V. is similar in character to Tables II. and IV. ; by it we find (x) the increase 
of declination for one mile of longitude = ±0'*230, and (y) the increase of declination for 

one mile of latitude = ±0'*423 ; ^ the distance between lines of equal variation 1' apart 

=2*0766 miles ; therefore, for 1® of difference in the declination, the distance is 124*54 
miles ; w, the angle which lines of equal declination make with the meridian measured 
from the north round by west, is 61® 27'. The most probable declinations are shown in 
column 6 of Table V., and the probable error of one such result is ±27'. 

The results contained in Tables II., IV. and V. are represented graphicaly in 
Plate III., which exhibits a map of the country surveyed, with the lines of equal incli- 
nation, declination, and intensity drawn upon it. 


Table I. — Dip. 


1. 

mm 

3. 

4. 

5. 

6. 

7. 

Date. 

A 

Needle. 

Station. 

Polea direct 

Poles 

reversed. 

Dip. 

Mean dip. 

1858. August 19 ... 

1859. March 18 ... 

1 

Bsquimalt 

ll 18-94 

71 31-58 

7f 4^06 
71 48-78 
71 46-80 

7I 3(^5 

0 1 

4 


71 37*2 

71 84-8 

I860. Marob 3S ... 

1 


7\ 23*00 

71 34 9 

1888. Oot. 4 ... 

1 

Sumaas Prairie 

78 12-08 

78 16-66 

78 89-15 
78 89-88 
70 49-56 
78 13 68 
78 18-85 
78 48-40 
69 31-88 

69 53 80 

70 13-66 

78 44-79 

78 87-80 

73 08-90 

73 33-93 

78 56-50 

78 44-70 

78 36-70 

78 84-60 

78 48-00 

78 50-61 

78 59-44 

78 81-50 

78 59-00 

73 17-06 

73 89-44 

73 34-68 

78 51-31 

78 80-6 

} 78 28-0 

5 ... 

4 


78 83-3 

1859. Jan. 31 ... 

4 

Nisqualljr 

70 29*62 

70 40-0 


July 4 ... 
5 ... 

1 

Schweltim T^vke 

71 57-31 

71 50-44 

78 19-60 

69 08 83 

69 89-90 

69 55-18 

78 89-09 

78 16-80 

78 34-73 

78 51-81 

78 44-60 

78 88-40 

72 05*8 

} 78 03-9 

J 

1 


72 01-9 

Sopt. 7 ... 

1860. May S ... 

81 ... 
June 1 ... 

July 9 ... 

Auguat 18 ... 

Nov. 13 ... 

1 

Chilukwejuk Lake 

78 31-0 


1 

1 

1 

4 

Fort Vancouver, W. T 

Dalles, W. T., 3-milo camp 

„ 8-niile camp 

On Aahtnolou River 

69 17-4 

69 41-8 

70 04-5 

78 36-9 

78 87-0 

78 48-8 

78 48-9 

78 50-6 

78 38-5 

78 35-5 

78 04-8 

78 35-8 

78 84-0 

78 45-5 

78 08-0 

78 48-1 

73 07-8 

73 88-9 

73 81-0 


1 

Ashtnolou Station 


mm 

Inshwointum 


1861. March 26 ... 


Fort Colville 


April 8 ... 
IS ... 

mm 


72 41*9 


II 

83 ... 

mm 

II •• •••••••••*•*•••«•*••« 

78 34-80 

71 45-40 

78 89-60 


May 19 ... 
81 ... 


II ************************ 

Chemikane River 



Sinyakwateen 

1 72 34*9 

31 ... 

1 


78 17-81 

78 81-68 

June 19 ... 

1 

Pack River 

J 

S3 ... 

1 

Chelemta 

78 54-56 


July 6 ... 
18 ... 

1 

1 

South Clbssing ^Kootenay) 

On Kootenay River 

78 37-50 

78 57-81 

73 16-06 

78 87-06 

73 84-18 


Auguat 19 ... 
14 ... 

1 

1 

Tobacco Plains ^ootenay) 

Wigwam River Station 


8 ... 

1 

Akamina Station 

73 48-7 






HDCOCLXIV. 


z 
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Table II. — Dip. 


1. 

8 

9 

3. 

4. 

i 

i. 

Station. 

W. Longitude. 
/»• 

N. Latitude. 

X. 

1 

o 

Computed dip. 
9'. 

Esquimalt 

18§ 

t 

27 

4§ 

26 

7\ 

3^ 

7t 

30 

Sumasa Prairie 

182 

12 

49 

01 

72 

82 

72 

11 

Nisqually 

128 

25 

47 

07 

70 

40 

70 

39 

Schweltza Lake Station 

122 

00 

49 

02 

72 

04 

72 

14 

Chilukwejuk Lake 

121 

23 

49 

02 

72 

31 

72 

21 

Fort Vancouver 

122 

28 

45 

38 

69 

17 

69 

28 

Dalles, 3-mile camp 

120 

49 

45 

35 

69 

42 

69 

45 

Dalles, 8-milc camp 

120 

49 

45 

40 

70 

05 

69 

49 

On Ashtnolou River 

120 

00 

49 

10 

72 

37 

72 

42 

Ashtnolou Station 

120 

00 

49 

00 

72 

27 

72 

34 

Inshwointum Station 

118 

28 

49 

00 

72 

49 

72 

50 

Colville B. B. C. Barracks Station . . . 

118 

05 

48 

40 

72 

42 

72 

39 

Chemikane Biver 

117 

45 

48 

«o 

72 

04 

72 

12 

Sinyakwateon 

116 

44 

48 

09 

72 

35 

72 

30 

Pack River 

116 

28 

48 

22 

72 

46 

72 

43 

Chelemta 

116 

19 

48 

41 

73 

08 

72 

59 

South Crossing (Kootenay) i 

115 

21 

48 

22 

72 

48 

72 

55 . 

On Kootenay River 

115 

17 

48 

40 

73 

07 

73 

09 

Tobacco Plains (Kootenay) 

Wigwam River Station 

115 

08 

48 

57 

73 

23 

73 

24 

114 

45 

49 

00 

73 

31 1 

73 

30 

Akamina Station 

114 

04 

49 

01 

73 

43 1 

73 

38 


393 57 

172 33 

45 55 


/ii, X|, and 0| respectively 

118 45 

48 13 

72 11 



Probablo onror of a single observation =+4*93^. 


* This of course indudes the effects of local irregularities in terrestrial magnetism as well as actual errors of 
observation. A similar remark applies to Tables lY. and V. 




Table III. — Intensity of the Magnetic Force. 

Observations with the Unifilar Magnetometer. Vibrations and Deflections. 
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Table IV. — Total Force. 


1. 

2. 

ID 

m 

5. 


m 


9. 

10. 

11. 

Year. 

Station. 

unifilar. 

logp. 

W / o®*-" . 

log A. 

Mean 
log A. 

logf. 

Statical 

f 

Adopted 

P‘ 


sinkdnt^' 

T • 

1859-60 

Baquimalt 

131097 

1*11759 

0-19781 

0*91978 

0-91931 

1-11712 

13 0955 

13*103 

13148 

1858 

Sumaas Prairie 

13*3727 

1-12622 

0-20647 

0-91975 

0*91931 

M2578 

13*3591 

13366 

13-226 

1859 

Niiu^ually 



0*19848 


091931 

1*11779 

13-1158 

13*116 

13-111 

do. 

Schweltza Lake Station . . . 



0-20406 


0 91931 

1*12337 

13-2853 

13*285 

13-234 

do. 

Chilukweyuk Liako 



0*20062 


0*91931 

1*11993 

13*1803 

13*180 

13*257 

I860 

Fort Vancouver 

13*65% 

111589 

0I96I4 

0-91975 

U91931 

M1545 

13*0451 

13052 

13*026 

do. 

Dalles, 8<niile camp 



0-19964 


0*91931 

1-11895 

13*1506 

13151 

13*087 

do. 

Dalles, 8-milo camp 



0-19472 


0*91931 

1-11403 

13 0026 

13 003 

1.3*091 

do. 

On .Ishtnolou River 



0-20210 


0-91931 

1-12141 

13*2255 

13*226 

13*315 

do. 

Awhinolou Station 

133003 

1*12386 

020589 

0*91797 

0-91931 

1-12520 

13-3412 

13*321 

13*306 

do. 

Inshwointum Station . . . 



0-20364 



0-91931 

1 12295 

13 2724 

13-272 

13*361 

1861 

ColviUo B. B. C. Barracks 

13*4239 1 

1-12788 

020584 ^ 

0*92204 ;0*92032 

1-12616 

13-3709 

13.397 

13*357 

do. 

1 Chemikane River 



020493 

0-92032 

1 12525 

133428 

13-343 

13*334 

do. 

Sinyakwateen 



13-4045 1 

1*12725 

0^20471 

0-92254 0 9*2032 

1-12503 

133361 

13-370 

13*238 

do. 

Pack Eiver 

I3388I j 

1*12672 

0*20660 

0*92012 0*92032 

1-12692 

13-3944 

13391 

13*401 

do. 

Chelcmta 

13*4816 1 

1 12974 

0*20863 

0*92111 0*92032 

1-12895 

13-4570 1 

13469 

13*423 

do. 

South Cro.s8ing(Kootenay ) 

13*4384 

1*12835 

020779 

0*92056 0*92032 

1-12811 

13-4309 

13-4.35 

13*443 

do. 

On Kootenay River 



0*20816 

0*9*2032 

1*12848 

13 4425 

13-443 

13*460 

do. ' 

Tobacco Plain.s( Kootenay) 



0*20927 

092032 

1*12959 

13-4769 

13-477 

13*481 

do. 

Wigwam River Station . . . 

13*4850 1 

1*12985 

0*21029 < 

0*91956 0*92032 

1*13061 

13-5085 

13 497 

13*496 

do. . 

Akamina Station 


1 

0*21281 

0-92032 

1*13313 

13-5872 

13-587 

13*522 


6484 

«,-13309 

Probable error of a nngle obwrTation= +0*044 


Table V. — Decynation. 


1 . 


Station. 


Esquimalt 

SumaiM Prairie . . 

Nisquallj 

Schweltza Lake 

Fort Vancouver 

Dalloe, 3-miJe camp 

On Ashtnolou River 

On Ashtnolou River 

Afihtnolou Station 

Cjoyooi Station 

InBnwointum 

Colville B, B. C. Barracki 

Chemikane River 

Sinyakwateen 

Pack River 

Cbelemta 


South CrosHing ^Kootenay) 

On Kootenay River 

Wigwam Station 

Akamina Station 


2 . 


W. Longitude. 


121 27 

122 12 

122 25 
122 00 
122 28 
120 49 
120 00 
120 00 
120 00 
119 24 
118 28 
118 05 
117 45 
116 44 
116 28 
116 19 
115 21 
115 17 
114 45 
114 04 


876 01 


3 . 


N. Latitude. 
X 


4§ 2^ 
49 01 

47 07 
49 02 
45 38 
45 35 
49 10 
49 07 
49 00 
49 00 
49 00 

48 40 
48 00 
48 09 
48 22 
48 41 
48 22 

48 40 

49 00 
49 01 


167 01 


4. 


Declination. 


2! 5 ^ 
21 30 
21 23 

21 37 
20 05 

20 37 

22 10 

21 50 

22 44 
22 14 

20 17 
21^40 

21 28 
21 16 

22 51 
22 11 
22 16 

23 24 
28 52 
23 12 


88 35 


5. 


v\ 


2! 20 
21 42 

20 51 

21 44 
20 13 

20 27 

22 06 
22 04 
22 12 
22 07 
22 15 
22 II 

21 57. 

22 10 
22 19 
22 27 
22 28 
22 36 
22 50 
22 56 


118 48 


48 21 


Dallee, 8*milo camp. 


120 49 


45 40 


21 56 


18 44 


Bejeoted. 


Probable error of a aingle reenlt ss +27*06. 
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IV. On the Influence of Temperature on the Electric ConduMing^Power of Alloys. By 
Augustus Matthiessen, F.B.S., Lecturer on Chemistry in St. Marfs Hospital^ and 
Carl Vogt, Ph.B. 


Received June 11, — ^Read June 18, 1863. 


The influence of temperature on the electric conducting-power of the pure metals in a 
solid state has been proved to be very great*, and as very little is as yet known with 
regard to the influence of temperature on the electric conducting-power of alloys, we 
undertook this research in order, if possible, to discover the law which regulates this 
property. 

For the sake of clearness, we have thought it advisable to divide this subject into four 
parts, and they will be treated of in the following order : — 

1. Experiments on the influence of temperature on the electric conducting-power of 
alloys composed of two metals. 

2. Experiments on the influence of temperature on the electric conducting-power of 
some alloys composed of three metals. 

3. On a methpd by which the conducting-power of a pure metal may be deduced 
from that of the impure one. 

4. Miscellaneous and general remarks. 

# 

I. Experirnents on the Influence of Temperature on the Electric Conducting-power of Alloys 

composed of two Metals. 

It will be as well to mention that, from the few experiments already published on the 
influence of temperature on the conducting-power of alloys, we had at the commence- 
ment of the research some idea of the law which regulates this property, and having 
found after a few experiments our supposition confirmed, we were able to shape the 
course we intended to pursue, in such^a manner as to curtail the number of alloys to 
be experimented with. Thus, with the alloys made of the metals lead; tin, cadmium, 
and zinc with one another, instead of using the alloys, 

PbeSn, Pb 4 Sn, PbSn, PbSn 2 , PbSn 4 , PbSng, 

and testing in the same manner the tin-cadmium, tin-zinc, cadmium-zinc alloys, we only 
used the following, 

Sn^Pb, Sn 4 Cd, SugZn, PbSn, ZnCd^, SnCd 4 , CdPbg, 
thi^ forming a mixed but complete series. Other groups of alloys have been treated in 

* Philosophical Transactions, ^1862, p. 1. 
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a similar manner. The reason for grouping alloys made of different metals under 
different heads has already been elsewhere discussed*. It has also been only considered 
necessary to experiment on one wire of each alloy, as the results obtained agree, in most 
cases, very closely with those calculated, and as it has been proved by a few determina- 
tions, which are given in Table I., that the same values were obtained for the percent- 
age decrement in the conducting-power of the alloy between 0® and 100°, when series of 
determinations were made with two wires of the same alloy. 

Table I. 


AU 07 . 

Volumes per cent. 

Percentage decre- 
ment observed be- 
tween 0 ® and 100 '^ 

Remarks. 

Gold-coppcr (hard dravm) ... 
Gold>coppcr (hard drawn) . . . 
Gold-silTcrt (hard drawn)... 
Oold-silrer ^hard drawn) . . . 

Oold-eilrer (annealed) 

Gold-flilvcr (annealed) 

Gold-silver (annealed) 

Gold-silver (annealed) 

Ctold-silver (annealed) 

Tin-cadmium 

Tin-cadmium 

98-63 of An 
98*38 „ 

52-08 „ 

5208 „ 

5208 „ 

52-08 „ 

52-08 „ 

79-86 „ 

79-86 .. 

23-50 of Sn 

23-50 „ 

21-87 

21-75 

6-50 > 

6-48 

6-72 I 

6-70 ] 

6-71 

10-15 

10-21 

28- 89 

29- 08 

Series made with wires of different 
specimens of the alloy. 

Two scries of doterminaiious made 
with the same wire. 

Series made with different wires of 
the same specimen of the alloy. 


The method and apparatus employed for the determination of the conducting-power 
at different temperatures was the same as that described and used for the experiments 
on the pure metalsf. We have, however, in many cases only taken observations at 
three intervals, as we found that almost the same formula was deduced from observations 
made at three different temperatures as from seven, especially when the temperature of 
the second observation was the mean of the other two ; now as three or more observa- 
tions were made at each interval, it was easy to obtain the wished-for temperature as 
the mean of several determinations. Thus the formulsB deduced for correction of con- 
ducting-power for temperature of the alloy Cd Pbg were — 

From seven observations . . . X=9’287— 0 032601^4-0*00006743^*. 

From three observations . . . X=9*286— 0*032460^+0*00006683<*. 

Again, those deduced for the alloy Sn 2 Zn were — 

From seven observations . . . X=16*876 — 0*066544f-|- 0*0001 471^, 

From three observations . . . x= 16*899— 0*066790^-f-0'0001464^*, 

where X represents the conducting-power SLtfC. 

We have here taken, as in former papers, the conducting-power of a hard-drawn 
silver wire at 0®=100 as defining our unit. The normal wires were made of german 
silver, the resistances of which were determined by comparing them with the gold-silver 
alloy J, the conducting-power of a hard-drawn wire of which is equal to 15*03 at 0°. 

* Philosophical Transactions, 1860, p. 162. f Ibid. 1862, p. 1. 

t Philosophical Magazine for February 1861. 
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Table II. contains the conducting-poweiB, specific gravities, and equivalents of the 
metals used for making the alloys. These values are those which have been used in 
calculating the results given in this paper. 


Table II. 


Metal. 

Conducting-power 
at OP. 

Specific gravity. 

Equivalent. 

Silver Hiard drawn) 

Silver (annealed) 

100*00 

108*57 

10-468 

106-0 

Copper (hard drawn) 

Gk)la (hard drawn) 

Gold (annealed) 

99*95 

8950 

31-7 

7796 

79-33 

19-265 

197-0 

Zinc 

29-02 

7-148 

32*6 

Cadmium 

23*72 

8*655 

56-0 

Palladium (hard drawn) . . . 

18*45 

11*500 


Platinum (hard drawn) . . . 

17*99 

21*400 


Iron rhard drawn) 

16*81 

7-790 


N ickol 

13*11 

8*50 


Tin 

12*36 

7*294 

58-0 

Thallium 

9*16 

11*900 


Lead 

8*32 

11*376 

103-7 

Bismuth 

1*245 

9*822 

208-0 


Tables III., IV., V., arid VI. contain the results obtained with the alloys belonging 
to the different groups. The alloys marked thus (f) are those which were made and 
used for former experiments; in all cases, however, fresh wires were made. All the 
rest have been re-made and analyzed. In Table III. the results are given which were 
obtained with some alloys made of 'those metals which, when alloyed with one another, 
conduct electricity in the ratio of their relative volumes ; in Table V. those with some 
alloys of those metals which, when alloyed with one another, do not conduct electricity 
in the ratio of their relative volumes, but always in a lower degree than the mean of 
their volumes ; in Table IV. those with some alloys made with the metals belonging to 
the alloys given in Table III. mth those in Table V . ; and in Table VI. those with some 
alloys whose places in the foregoing Tables we have not yet been able to assign. 


Table III. 


fSno Pb, containing 16*04 volumes per cent, of lead. 
Iion||;th 435*5 milliins. ; diameter O' 733 millim. 

CondHcting-powor found before ^ Bcduced to 0^*. 

hoatiuH the wire 11*782 at 13*7 12*423 

Ditto, after boing kept at 100® 

for 1 daj 12 052 at 9*3 12*494 

Ditto, for 2 dajs 12*088 at 9*1 12*522 


T. 

Conducting-power. 

Difiereuce. 

Observed. 

Calculated. 

24-66 

30-27 

55-00 

67-78 

8^ 

98^7 

12-048 

11-871 

10-760 

10-168 

9-720 

8-176 

8-767 

12-083 

11-881 

10-768 

10-166 

9-716 

9-165 

8-766 

+0-010 

-0-010 

-0-006 

+0-006 

+0-004 

+0-010 

-0-009 


2 - 

fSn^Cd, containing 83*10 volumes per cent, of tin. 
Length 285 millims. ; diametw 0*417 millim. 

Conducting- j>ower found before Reduced to 0®. 

heating the wire 14*259 at o*8 14*^8 

Ditto, af&r boing kept at lOO'^ 

for 1 day 14*207 at 6 2 14*569 

Ditto, for 2 days 14*072 at 7*7 14*51 7 


T. 

Conducting-power. 

DifTerence. 

Observed. 

Calculated. 

8-72 

13-988 

13 985 

+0001 

25-52 


13-092 

~04K)8 

39-50 

12-419 

12-428 

-0-004 

54-96 


11-761 

+0HM» 

6940 

11-218 

11-217 

+0-001 

84-02 

10-738 


-04187 

98-85 

10*333 

10*330 I 

+04)08 


X= 12*510-04MB619^+0*0001087^. X = 1 4*487-0 059047j'+ 0*0001 720<f*. 

• Those and all similar values wore reduced to 0^ as described in the paper On the Influence of Tempe- 
rature on the £lectrio Conducting-power of the Pure Metals^’’ Philosophical Transactions, 1862, p. 10. 

^ 2 a2 
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Table III. (continued). 

3. 

f SDgZn, contiuning 77*71 volumes per cent, of tin. 

Length 276*5 millims. ; diameter 0*555 millim. 

Conducting-power found before ^ Reduced to 0'’. 

heating the wire 16*289 at 10*9 16*991 

Ditto, after being kept at 100° 

for 1 day 15*862 at 151 16*815 

Ditto, for 2 days 16*201 at 10*9 16*899 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

i!-08 

16-188 

16*168 

+0-020 

24-43 

15*339 

15*363 


39-27 

14-516 

14*529 

-0013 

54-33 

13*759 

13*754 

+0005 

69*40 

1.3*055 

13*037 

+0*018 

84-11 

12*414 

12*404 

+0*010 

96-65 

11*899 

11*915 

-0016 


X = 16 876-0065544jf+0*0001471if^. 


4. 


f PbSn, containing 53*41 volumes per cent, of lead. 
Length 359 millims. ; diameter 0*844 millim.* 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

§12 

10-073 

10-071 

+0-002 

24-45 

9-510 

9*511 

-0*001 

39-73 

8*992 

8*995 

-0*003 

55-26 

8509 

8512 

-0*003 

69-61 

8-108 

8*103 

+0*005 

84-36 

7-724 

7*721 

+0*003 

98-73 

7-382 

7*385 

-0*003 


X 10*423-0 039433if+000008775^^ 


Table III. (continued). 

6 . 


f Sn Cd^, containing 23*50 volumes per cent, of tin. 

Length 512*5 millima. ; diameter 0*670 millim. 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

■MU 

21-096 

21*086 



20*068 

20*084 



19 033 



54*30 

18-127 

18-113 


6933 

17-219 

17-220 


8096 

16 589 

16*594 


91*30 

16-086 

16-084 

+0-002 


X = 22*123 - 0i0851 59(f+0*0002082<^ 


7 . 

f Cd Pbg, containing 10*57 vols. per cent, of cadmium. 
Length 224 millims. ; diameter 0*644 millim. 

Conducting-power found l)eforo „ R<?diiced to 0^ 

heating the wire 9*068 at 6*1 9*264 

Ditto, after being kept at* 100° 

for I day 9*490 at 2*5 9*574 

Ditto, for 2 days 9*039 at 7*7 9*285 

Ditto, for 3 days 8*964 at 10*1 9*285 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

■il 

8-922 

8-922 

0*000 


8 516 

8516 

0*000 


8*083 

8-085 

-0 002 

54-75 

7-710 

7-710 

0000 


7-342 

7-.142 

0*000 

85*55 

7-001 

7-000 

+0*001 

98*57 

6-737 

6-738 

-0*001 


X = 9*287 - 0 03250 1 if-fO 00006743^^ 


Table IV. 


6 . 

fZn Cd^, containing 26*06 volumes per cent, of zinc. 


Length 577 milliras. ; 

Conducting-power found before 

heating the wire 

Ditto, amr being kept at 100° 

for 1 day 

Ditto, for 2 days 


diameter 0*629 millim. 

„ Rcdunctl to O'’. 

24*774 at 11*1 25*834 

25*101 at 10*1 20 077 

24*916 at 10*5 25*924 


T. 

Conduct] n g-power. 

Difference. 

Observed. 

Calculated. 

lf-60 

24-817 

24-796 

+0K)21 

24-28 

23-600 

23*647 

-0-047 

39-86 

22-322 

22-324 

-0 002 

54-00 

21-232 

21-215 

+0-017 

68-90 

20-164 

20-133 

+0-031 

83-41 

10-167 

19-168 

-0-001 

98-23 

18-255 

18-272 



X=25 906-0*098065^+0*0002072/^. 


1 . 

fPbgo Ag, containing 94*64 volumes per cent, of lead. 


Length 372 millims. ; 

Conducting-power found before 

heating the wire 

Ditto, after being kept at lOO'’ 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 days 

Ditto, for 4 days 


diameter 0*704 miUim. 

o Reduced to 0^ 
8*508 at 13*7 8 938 

8*578 at 15*2 9*060 

8*640 at 14*3 9 096 

8*731 at 15*7 9 2,38 

8*760 at 14*7 9 236 


T. 

Conflucting- power. 

Difference. 

Observed. 

Calculated. 

ld-47 

8-900 

8-901 

-0-001 

24-93 

8*459 

8-455 

+0-004 

39-70 


8-031 

-0005 

55-03 

7-625 

7-625 

0-000 

70-26 

7-256 

7256 

0000 

85-16 

6-933 

6-927 

+0006 

98-47 

6 658 

6-662 

-0-004 


X ^ 9*244 - 0 033467/+0 00007860/*. 


* The reason why here and in some cases in the following Tables no determinations of the effect of heating 
the wire on its conducting-power are given, is that the wire unfortunatolyi from somo causo or a&otheri bocamo 
unsoldered after it had been heated to lOO” for one or more days. 
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Table IV. (continued). 

«. 

f Pb Agf containing 46*90 volumes per cent, of lead. 
Length 267 millims. ; diameter 0*584 millim. 

Conducting-power found before Reduced to (f. 

heating the wire 13*009 at 14*0 13*391 

DittOi after being kept at 100^ 

for 1 day 13 072 at 16*9 13*482 

DittOf for 2 days 13*087 at 15*1 13*477 


T. 

Conducting-power. 

Diflbrence. 

Observed. 

Calculated. 

1^10 

18-099 

13-100 

-0001 

2470 

12-841 

12-837 

-f 0-004 

39-88 

12-478 

12-477 

+0-001 

64-61 

12-141 

12-146 

-0-005 

70-05 

11-818 

11-818 

0000 

83-88 

11-546 

11-542 

+0-004 

99-37 

11-250 

11-251 

-0001 


X=13*464-0*26424if+0 00004174^^ 


Pb Ag^, containing 30*64 volumes per cent, of lead. 
Length 373 nullims. ; diameter 0*634 millim. 

Conducting-power found after „ Reduced to 0^ 

heating the wire for 2 days... 21*186 at 16*1 21*874 

Ditto, for 3 days 21160 at 16*5 21*863 

Conducting-power. 


T. 

Obrerred. 

Calculated. 

Differonoo. 

1^-82 

21*191 

21-190 

+0-001 

24-96 

20811 

20-813 

-0-002 

39-48 

20-236 

20232 

+0-004 

54-17 

19-669 

19-669 

0000 

69-78 

19-089 

19-098 

-0-009 

84-27 

18-602 

18-593 

+0-009 

10000 

18-069 

18071 

-0-002 


X = 2 1 866 - 0*043636^ + U00005686(r^ 


4. 

tSn ^2 ^^9 containing 90*32 volumes per cent, of tin. 

Conducting-power found before Reduced to 0®. 

heating the wire 7-9495 at 11*8 8*2418 

Ditto, after being kept at 100® 
for 1 day 7*9479 at 13*0 8-2702 


T. 

Conduciing^power. 

ll-O 

7*9224 

57*0 

6*9936 

100*0 

6*2676 


Table IV. (continued). 

5. 

fSnj Au, containing 79*54 volumes per cent, of tin. 
Length 222 millims. ; diameter 0*599 millim. 

Conducting-power found before ^ Reduced to 0®. 

heating the wire 4*8386 at 14*3 

Ditto, al^r being kept at 100® 

for 1 day 4*8432 at 14*6 

Ditto, for 2 days 4*8741 at 13*0 


5*0427 

5*0518 
5 0608 


T. 

Conducting-power. 

l40 

4-8593 

67-0 

4-3212 

1000 

39009 


X=:^5*0599-0 014776^+0 00003186i^. 

6 . 

Tin-copper alloy, containing 93*57 volumes per cent. 

of tin. 

Length 274*5 milUms ; diameter 0*667 millim. 

Conducting-powiT found before ^ Reduced to 0®, 

heating the w'iro 11*264 at 18*1 12*034 

Ditto, after being kept at 100® 

fori day 11*498 at 16*9 12*231 

Ditto, for 2 days 11*445 at 18*3 12*237 

Ditto, for 3 days 11*549 at 16*3 12*259 

Ditto, for 4 days 11*571 at 16*3 12*282 

Dftto, for 5 days 11*558 at 17*1 12*304 


T. 

Conduct i n g-pow'er. 

Difference. 

Observwl. 

Calculated. 

lS-58 

11-622 

. 11-618 

+0-004 

24-70 

11-242 

11242 

0-000 

3891 

10-679 

10-688 

-0009 

54 96 

10-109 

10-111 

-0HX)2 

70-29 

9-615 

9-609 

+0006 

85-68 

9-160 

9152 

+0-008 

99-40* 

8-777 

8-784 

-0-007 1 

! 


X= 12*299 -«OO453O4if-fO*O0OO9997iJ^. 

7. 

Tin-copper alloy, containing 83*60 volumes per cent. 

of tin. 

Length 201 millims. ; diameter 0*581 millim. 
Conducting-power found before ^ Reduced to 0\ 


heating the wire 12*119 at 15*7 

Ditto, after being kept at 100® 

for 1 day 12*264 at 15*3 

Ditto, for 2 days 12*389 at 15*3 

Ditto, for 3 days 12*420 at 14*7 

Ditto, fur 4 days 12*384 at 15*7 


12*764 

12*900 

13*031 

13*a3M 

13*043 


T. 

Conducting*power. 

Difference. 

Observed 

Caloulatod. 

1-27 

12-688 

12-689 

-0*001 

25 28 

12-009 

12-002 

+0*007 

39*43 

11-460 

11-470 

-0*010 

54-31 

10-943 

10-949 

-0006 

70-13 

10-444 

10*437 

+0*007 

84-18 

waist 

10022 

+0-010 

99-28 

9607 

9614 

-0007 


\e8‘a(i8;~0-<tt5<01<+<M)0008400<« 
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Tablb IV. (continued). 


Table IV. (continued). 


8 . 


11 . 


Tin-copper alloy, containing 14*91 vols. per cent of tin. 


Length 141 millims. ; 

Conductiiig-powor found before 

heating the wire 

Ditto, af&r being kept at 10(^ 

for 1 day ! 

Ditto, for 9 days 

Ditto, for 3 days 


diameter 0*501 millim. 


87481 at \i-5 

8*8372 at 16*5 
8*8451 at 17*3 
8*8441 at 17*0 


Reduced to 0*. 
8*8223 

8*9170 

8*9288 

8*9264 


T. 

Con ducting-power. 

Differenoo. 

Observed. 

Cal(!ulated. 

i£*.58 

8-8565 

8*8560 

+0*0005 

34*85 

8*7687 

8*7692 

-0*0005 

56*;» 

8*6684 

8*6693 

-0*0009 

77-40 

8 5753 

8*5737 

+0*0016 

99-48 

8*4754 

8*4760 

-0*0006 


\ = 8*9364 - 0*0048890^+0*000002626<r‘. 


Tin-copper alloy, containing 6*0B vola. per cent o^ tin. 
Lengtii 910 millime. ; diameter 0*456 millim. 


Conducting-power found before 

heating wo wire 

Diito> after being kept at 100^ 

for 1 day 

Ditto, for 2 days 


. Reduced to (T. 
19*389 at 15*6 19^ 

19*517 at 15*5 19*819 

19*496 at 16*4 19*816 


T. 

Conducting-power. 

DifiTerenoe. 

Observed. 

Calculftted. 

1>*23 

19*484 

19-484 

0*000 

24*03 


19*854 

; +0*001 

40-03 



-0*009 

55*47 


18*769 

+0*009 

69*70 

£ 1^1 

18*513 

-0*009 

83*16 


18*276 

+0*008 

98*87 

18*004 

18*006 

-0*009 


\= 19*820-0*019729<-f 0*00001397<*. 


9 - 

Till-copper alloy, containing 13*35 vols. per cent of tin. 


Length 429 millims. ; 

Conducting-powor found before 

boating the wire 

Ditto, alter being kept at 100® 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 days 


diameter 0*627 millim. , 

Reduced to 0®. 
10037 at 17*9 10154 

10*076 at 18*2 10*196 

10*084 at 17*2 10*197 

10-084 at 16*6 10*193 


T. 

Conducting-power. 

iVo 

10*1386 

55*5 

9*8710 

1000 

9*6526 


X = 10*212-0*006804&'-h0*00001210^> 


12 . 

Tin-copper alloy, containing 1*41 vol. per cent, of tin. 


Length 599 millims. ; 

Conducting-power found before 

heating the wire 

Ditto, ai^ bciug kept, at lUO® 

for 1 day 

Ditto, for 2^ days 

Ditto, for 3 days 

Ditto, for 4 days 


diameter 0*449 millim. 

. Reduced to 0^. 
60*105 at 14*5 62*463 

60*827 at 12*5 62*881 

60*687 at 14*1 63*001 

60-579 at 15*1 63*055 

60*690 at 14*3 63*038 


T. 

Conducting-powor. 

Difference. 

Obsorvod. 

Calculated. 

llS3 

60*470 

60*455 

+0*015 

24*68 

5UO\l 

59*029 

-0*018 

39*03 

56*897 

56*900 

-OHMS 

54*98 

54-681 

54*686 

-0*005 

68*73 

52 924 

52*906 

+0*018 

84*25 

51*036 

51*041 

-OHMS 

99*70 

49*334 

49*336 

-0*002 


10 . 

Tin-copper alloy, containing 11*61 vols. percent, of tin. 


Lrngtli 322*5 millims. ; 

Condooting-power found before 

heating the wire 

Ditto, after being kept at 100® 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 days 


diameter 0*524 millim. 

g Reduced to 0®. 
12*003 at 12*1 12*102 

12*069 at 11*5 12*165 

12*083 at 12*5 12*188 

12*070 at 14*3 12*190 


T. 

Conduciing-pfiwer. 

Difference. . 

Observed. 

Calculiaied. 

lS*43 

12*058 

12*057 

+0HM1 

23*40 

11*990 

11*991 

-OHMl 

40*35 

11*852 

11*858 

-0*001 

54*75 

11*737 

11*736 

+0*001 

69*78 

11*619 

11*617 

+0*002 

1 84*66 

1 11*499 

I1*5(M 

-0*001 

1 98*70 

11391 

11*391 

o-oSo 


\ =62*997 - 0* 16856^-f0*0003163^*. 


13. 

Tin-silver alloy, containing 96*52 vols. per cent, of tin. 


Length 304 millims. ; 

Conducting-power found before 

heating the wire 

Ditto, at’ter being kept at 100® 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 days 


diameter 0*478 millim. 

„ Reduced to 0®. 
11*646 at 16*3 12*390 

II 686 at 16*3 19*433 

11*685 at 17*0 19*464 

11 668 at 17*6 19*475 


T. 

Conducting-power. 

DifiTerenfle. 

Observed. 

Calculated. 

j!i2 



+0:019 

24*90 


■trM 

-0*011 

39*40 



-0*017 

54*60 



+0*004 

69*81 



+0*019 

84-88 



+0*001 

99-68 


mSm 

-0*008 


X = 12*1 86 - 0*008468f-f 0*000003700^. 


X- 12*488 -0 047691f+0*0001093A 
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Tablk rV. (continued). 


Tia-siiver alloj^ oontaiaing 76*61 vols. per cent of tin. 
Length 973 millims. ; diameter 0*467 millim. 

Conduoting^power found before Seduced to 0°. 

h^im the wire 12*989 at 17*6 13-866 

Ditto, amr being kept at 100° 

for 1 day 18054 at 17*1 13*917 

Ditto, for 2 days 13*334 at 16*6 14*184 

Ditto, for 3 days 13*415 at 15*5 14*917 

Ditto, for 4 days 13*402 at 16*5 14*256 



Conducting-power. 


Obserred. I Calculated. 


13*651 

12*955 

12*283 

11*700 

11*099 

10*572 

10*103 



10*108 


Difference. 


-1-0*005 

-0*003 

0*000 

-0*008 

0000 

-fOOll 

-0*005 


Table IV. (continued). 

17. 

Zinc-copper alloy*, containing 23*6l vole, per cent of xinc. 
Length 866 millims. ; diameter 0*379 millim. 

Conducting-power found before Bedooed to 0°. 

beating the wire 27*784 at 13*0 28*298 

Ditto, after being kept at 100° 

for 1 day 27*754 at 14*9 28*343 

Ditto, for 2 days 27*738 at 15*3 28*342 


Conducting-power. 



Observed. 

Calculated. 

97-719 

27-408 

86*828 

26-259 

25-777 

25*258 

24*774 

27714 

27*412 

26*829 

26*262 

25^73 

25*256 

24 776 


Difference. 


-{-0*005 

-0*004 

- 0*001 


-i-0-005 

-{- 0-002 

- 0*002 


X .28-345 -0440104^-1- 0410003839^. 


X= 14*260 -0*053772!'-1-00001219<*. 


Zinc-copper alloy, containing 43*06 vols. per centof zinc. 
Length 296*6 millims. ; diameter 0*516 millim. 

Conduoting-powcr found before Seduced to 0^. 

heating the wire 21*356 at 1 v8 21*793 


Conduoting-powcr found bofore . 

heating the wire 21*356 at 14*8 

Ditto, after being kept at 100° 

for 1 day 21*701 at 12*9 

Ditto, for 2 days 21*873 at 13*1 

Ditto, for 3 days 21*824 at 14*9 


22*088 

22*269 

22*273 



Conducting-power. 

^^ifierenco. 

X. 

Observed. 

Calculated. 


lS*79 

21*807 

21-801 


23*75 

21*562 

21*564 

-0-002 

89*28 

21*116 

91*118 

-0*002 

64*38 

20*693 

20*698 

-0*005 

69*31 

20*300 

20*297 

-{-0-003 

84*63 

19*897 

19*898 

-0*001 

99*43 

19*527 

19*526 

-f 0*001 


Zinc-copper alloy, containing 1 0*88 vole, per cent, of zinc. 
Lengtli 449 millim.s. ; diamcbw 0*448 millim. 

Conducting-power found before « Seduced to O' 

heating the wire 45*545 at 14*8 46*934 

Ditto, after being kept at 100° 

for 1 day 45*807 at 14*0 47*198 

Ditto, for 2 day.H 45*896 at 14*6 47*276 

Ditto, for 3 days 45*971 at 13*7 47*268 


T. 

Condueting-power. 

Observed. Calculated. 

Difference. 

ll*33 

45-912 

45912 

0000 

23*71 

45*069 

45 056 

+0*003 

39-80 

43*638 

43-648 

-0*010 

54 33 

42-442 

42-440 

+04)02 

69-48 

41-246 

41-245 

1 +0*001 

84-38 

40-145 

40134 

+0-011 

98 95 

39-100 

39*109 

-0*009 1 

1 


X =; 22*274 -0 030601(!-l-0*00002980if». 


.47*267 -0 096627f-|-04)001 433^. 


Zinc-copper alloy, containing 39*^6 vols. per centof zinc. 
Length 190 millima ; diameter 0*381 millim. 

Conduoting-power found before . Seduced to 0°. 

heating She wire 21*235 at 17*4 21*708 

Ditto, after being kept at 100° 

fori day 21*424 at 15*9 21*859 

Ditto, for 2 days 21*597 at 15*9 22*036 

Ditto, for 3 days 91*625 at 16*9 22*065 

Ditto, for 4 days 21*720 at 12*8 22*075 


Conduoting-power. 


Observed. Calculated. 


31*704 

91*418 

91*080 

20*647 

20*288 

19*916 

19*565 


91*709 

91*416 

91*017 

90*647 

90*969 

19*916 

19*564 


Diflbrenoo. 


-{-0*009 
-0008 
-f 0*008 
0*000 
- 0*001 
- 0*001 
-f 0*001 


Zinc-copper alloy, containing 6*03 vols. per cent of zinc 
licngth 649 millims. ; diameter 0*479 millim. 

Conducting-power found before o Seduced to 0 

heating tne wire 58*169 at 16*3 60*376 

Ditto, after being kept at 100° 

for 1 day 7. 58*646 at 14*3 60-637 

Ditto, for 9 days 58*665 at 14*0 W*716 

Ditto, for 3 days 58*698 at 14*3 60-691 


Conduoting-powcr. 

Dificrenoe. ( 

Observed. 

Oaleulated. 

i 

58-522 

58-494 


57-277 

57-301 

—0*024 

55-071 

55-093 

-0*022 

53*211 

53*913 

—0*002 

51^79 

51-664 

+0*015 

49 856 

49-839 

+0*017 

48-228 

48*243 

-0*015 


X=:99*076-0*088100«:{.0*00009745«*. 


X . 60-697- 0 14995^-{-0*0009486^. 
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Table V. Table V. (continued). 


1 . 


Gold«copper alloy, containing 98*63 volumes per cent 
of gold (hard drawn). 

Length 1131*5 millims. ; diameter 0*583 millim. 


Cbnduoting'power found before 

Ditto, amr being kept at 100° 

for 1 day 

Ditto, for 3 daya 


- Beduced to 0°. 
53*694 at 16*8 56123 

53*796 at 16-5 56*184 

53*835 at l(f7 56*268 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

lil*52 

53*972 

53*980 

-0*008 

25*10 

52*676 

52-653 

4-0023 

89*74 

50^684 

50*715 

-0031 

55*66 

48-339 

48*740 

-0*001 

69*83 

47*106 

47*092 

4-0*014 

85*00 

45*451 

45*443 

4-0*008 

95*35 

43-986 

43*994 

-0 008 


X<=56*232 -0*14916/+0 0002616J'*. 


2 . 


Gold-copper alloy, containing 81*66 volumes per cent 
of gold (hard drawn). 

Length 450 millims. ; diameter 0*501 millim. 


Conducting-power found before 

heating tho wire 

Ditto, after being kept at 100° 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 dayx 

Ditto, for 4 days 


- Reduced to 0°. 
15*919 at 13*6 16083 

15*935 at 111 16068 

15*895 at 12*2 16*041 

15*894 at 11*0 16*026 

15*887 at 11*4 16*024 


T. 

Conducting-power. 

ll-O 

15*880 

56*0 

15*356 

100*0 

14*837 


X =» 16*024 -0*01 1997i;-f 0*000001 291^. 


3. 


Gold-silver alloy, containing 79*86 volumes per cent 
of gold (hard drawn). 

Length 605*7 millims. ; diameter 0*704 millim. 


Conducting-power found before 

heating the wire 

Ditto, after being kept at 100° 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 days 


, Bcduce<] to 0*. 
21 *010 at 11*7 21*279 

21*038 at 10*8 21*286 

21 072 at 10*4 21311 

21*066 at 10*2 21301 


1 X. 

Conducting-power. 

Difference. 

Obaerved. 

Calculated. 

lt*45 

91*018 

21-030 

4*0*001 

26^ 

20*698 

20-701 

-04)03 


20-391 

20392 

-04)01 

55*26 

20*065 

204)64 

4-0*001 

67-78 

19*806 

19-802 

4-0*004 

8413 

19463 

19*464 

-0*001 

98*45 

19*175 

19*176 

-0*001 


X -21*333-0*08816<»-f 0*00001691 A 


4. 

Gold-silver alloy, containing 79*86 volumes percent 
of gold (annealed*). 

Length 596 millims. ; diameter 0*704 millim. 


T. 

Conducting*power. 

Difference. 

Observed. 



Calculated. 


21 342 * 

21*341 

4-0*001 


20*920 

20*924 

-0001 

40*71 

20570 

20572 

-0*002 

54*61 

20*265 

20264 

4-0*001 

70*35 

19*930 

19*928 

4-0*002 

85*25 

19*622 

19 622 

04)00 

99*50 

19-338 

19-339 

-0*001 


X = 21*527 -0*024475<-i-0*00002500i:*. 


5. 

Gold-silver alloy, containing 19*86 volumes per cent, 
of gold (hard drawn). 

Lengtli 161*5 millims. ; diameter 0*351 millim. 

Conducting-power fo'jnd before * Reduced to 0° . 

heating the wire 21*835 at 11*7 22*063 

Ditto, after being kept at 100° 

fori day 21 873 at 11*8 23*101 

Ditto, for 2 days 21*841 at 12*5 22*083 


T. 

Conducting-power. 

Differenoe. 

Observed. 

Calculated. 

1§*02 

81*838 

21*838 

4-0*005 

23*90 

21*620 

21*625 

-04)05 

38*03 

21*355 

21*359 

-0*004 

54*42 

21 158 

214)56 

4-04)02 

68*95 

20*795 

20*794 

4-0*001 

82*37 

20*557 

20-555 

4-04)02 

98*15 

20*279 

20*280 

-0*001 


X ». 22*085 -0*019538/4-0*00001 1 73/*. 


6 . 

Gold-silver alloy, containing 19*86 volumes per cent 
of gold (annealed*). 


Length 161*5 millims. ; diameter 0*351 millim. 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

i295 

21*829 

91*887 

4-0*008 

24*56 

21*637 

21*640 


40*33 

21*835 

21*887 

-04)09 

55*38 

21*059 

21*055 


694)6 




84*48 

20*527 

20 628 


97*53 

80*299 

20*800 



X - 23*135-0*030097/4-0*00001419/*. 


* Tho conducting-blower of these ipres did not alter after being kept at 100" for one day. 
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Tablb V. (continued). 

7. 

Gold-copper alloji coDtaining 19*17 volumes per cent* 
* of gold (hard drawn), 

length 584 millimBL ; diameter 0*550 millim. 

Conduoting*power found before Reduced to 0^. 

heating the wire 20*300 at l3‘2 20*504 

Ditto, after being kept at 100^ 

for 1 day 20 296 at 12 0 20*517 

Ditto, for 2 days 20*287 at 12*4 20*505 


T. 

Conduoting-power. 
Observed. | Calculated. 

DifToronce. 

lS-40 

20279 

20*278 

-0006 

94 38 

20 088' 

20-088 

0*000 

40*01 

19*838* 

19*824 

+0014 

55*03 

19-569 

19573 

^0 004 

70*11 

19*325 

19*328 

-0 003 

84 98 

19 088 

19 092 

-0*004 

99*87 

18*865 

18-861 

+0004 


X«20 513-0 017718^+0 00091170^3, 


8 . 

Gold-copper alloy, containing 0*71 volume per cent, 
of gold (hard drawn). 

Length 1049 miUiuiH. * diameter 0*366 millira. 


Table V. (continued). 

10 . 

PUtinuni'silver alloy, containing 5*05 volumes per 
cent, of platinum (hard drawn). 

Length 708 millims. ; diameter 0*626 millim. 
Conduoting-power found before Reduced to 0^. 

heating the wire 17*812 at la*9 18*031 

Ditto, after being kept at 100^ 

for 1 day 17*801 at IM 18*036 


T, 

Conducting-power. 

8-0 

17*920 

545 

17*319 

100*0 

16*767 


X » 18 045 -0*013960^+0*00001 183^. 

11 . 


Platinum-silver alloy, containing 2*51 volumes per 
cent, of platinum (bard drawn). 

Length 381*5 millims. ; diameter 0*451 millim. 


T. 

Conduct ing-power. 

)§0 

31*173 

560 

29*550 

100-U 

28*068 


X --31*640-0*03936d^+0 00003642f3. 


IS. 


Conducting-power foimd before Reduced to 0^. 

boating the wire 79*884 at 15*3 84 008 

Ditto, a^r being kept at 100^ 

for 1 day 80*389 at 14*3 84*264 

Ditto, for 2 days 80 0U at 15*5 84*200 

Ditto, for 3 days 79 844 at 1 6 6 84 322 

Cond uct i ng- power. 

. DifTorcnce. 

Observed. Calculated. 

1?-27 79709 79-670 + 0ai9 

23-98 77-952 77*962 -OOlO 

39 65 74 ) 54 74-212 - 0058 

54-26 70-294' 70-913 -00I9 

69-29 67-920 67-879 +0-041 

83-86 65-213 65-175 + 0 038 

98-78 62-645 62-677 -0 032 


X - 84-322— 0-27999«f+0 00061 62^-*. 


Palladium'silver alloy, containing S3*28 volumes 
per cent, of palladium (bard drawn). 

Length 520 millims. ; diameter 0-802 millira. 

Conclncting-powor found before o Beduced to 0*. 

heating the wiro 8*4936 at 1 0-0 8*5214 

Ditto, after being kept at 100® 

for 1 day 8-5147 at 10-0 8-5426 

Ditto, for 2 days 8*6052 at 9-1 8-5305 

Ditto, for 3 days 8-4918at 8 6 8-5157 

Ditto, for 4 days 8*4868 at 10 0 8-6146 


T. 

Conducting-power. 

i!o 

8*4846 

5.5 5 

8*3577 

lOtIO 

8*2256 


X == 8-5152- 00027644^-0 00000]313r*. 


13. 


9* 

Platinum-silver alloy, containing 19*65 volumes per 
cent, of platinum (hard drawn). 

Imgth 169 millims. ; diameter 0-518 millim. 


Conduoting-power found before 

heating Uie wire 

Ditto, after being kept at 100^ 

for 1 day 

Ditto, for 2 days.... 


66565atl§-0 

6-0616 at 17-9 
6-6654 at 17-2 


Reduced to 0^ 
6*6960 

6*7008 

6*7031 



X •• 6*7032-0*0099167^+0*0000013944*. 


^n«trp 


Copper-silver alloy, containing 98*35 volumes per cent, 
of copper (hard draw n). 

Length 1198 millims. ; diameter 0*579 millim. 

Conduoting-power found before o Reduced to 0®. 

heating the wire 86*674 at 9*5 89*544 

Ditto, a^r being kept at 100° 

for 1 day 88*210 at 6 5 90-209 

Ditto, for 9 days 87*336 at 9 3 90*165 


T. 

Conducting-power. 

— — — Difference. 

Observed. l^alculated. 

10-48 

86*919 

86-846 +04)73 

25-27 

89*583 

82-684 -0-051 

39-57 

78*763 

78-861 —04)98 

53-96 

75312 

75-361 -o4)44 

69-78 

72-007 

71*868 +0-139 

85-12 

68-875 

68-802 +04)73 

98-35 

66348 

66-449 -04)94 


Xss004ttl-0 310504+0-0007 1934^. 
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Table V. (continued). 

14 . 

Copper^ilTer aHoj, containing 95*17 volumes per cent 
of copper (bard drawn). 

Lepgtti 9>9 Tnitlima ; diameter 0*489 millim. 

Ocmdootiiig-power found before . Beduoed to 0°. 

heattiw the wire 78*165 at 16*0 89*300 

Ditto, beinff kept at 100° 

fori day 78*286 at 14*3 81*981 

Ditto,for2daT» 78*102 at 15*9 89*207 

Ditto, for 3 days 77*666 at 1 7*8 82*245 


T. 

Cond ucting-powor. 

Differenoo. 

Observed. 

Calculated. 

lS*43 

78*926 

78*219 

+0*007 

94 96 

76-066 

76*059 

+0-001 

39*161, 

72*601 

72*616 

-0-015 

54*62 

69*301 

69312 

-0-011 

69*48 

66406 

66*393 

+0*013 

83-53 

63*885 

63-866 

+0-019 

99-00 

- - - - 

61*319 

61*343 

-0014 


X = 82*207-0*26728(;-|-0*000571 If. 


15. 

Copper-silver alloy, containing 77*64 volumes per cent, 
of copper (hard drawn). 

Length 623 millims. ; diameter 0*374 miUim. 


Condocting-^iower found before 

heating the wire 

Ditto, after being kept at 100° 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 days 

Ditto, for 4 days 


Seduced to O’. 
66*807 at 14*6 69*811 

66*601 at 17*3 70*158 

66*550 at 17*9 70*084 

66*707 at 17*0 70*208 

66*694 at 17*6 70*319 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

ll*15 

67*155 

67*192 

-0-037 

24-21 

65*433 

65*410 

+0-0*23 

39*48 

62*583 

62-565 

+0018 

54*90 

59*873 

59*894 

-0021 

69-48 

57*557 

57-556 

+0*001 

84*28 

55*375 

55*365 

+0*001 

99*90 

53*259 

53*262 

-0^ 


X=70*328-0*21351f+0*0004271f. 


16 . 

Coppernsilver alloy, containing 46*67 volumes per cent, 
of copper (hard drawn). 

Length 1956 millims. ; diameter 0*437 millim. 

Conducting-power found before . Seduced to 0“. 

heating the wire 72*036 at 14*2 74*940 

Ditto, after being kept at 100* 

for 1 day 73170 at 14*6 76*204 

Ditto, for 9 days 73*653 at 19*6 76*984 


T. 

Conducting-power. 

ll-O 

78*899 

88*5 

88*449 

100*0 

88*894 


X=76’940-0*91375f-f(H10(M030f. 


J 


Table V. (continued). 

17. 

Copper-silver alloy, containing 8*S5 volnmes per cent, 
of copper (hard drawn). 

Length 9398 millims. ; diameter 0*598 millini. 

Conduedng-power found before . Bedoeed to 0°. 

heating ^ wire 78*393 at 9*0 80*984 

Ditto, a,&T being kept at 100* 

fori day 78*855 at 8*5 80*718 

Ditto, for 9 days 78*398 at 10*9 


T. 

Conducting-power. 

lS-0 

87*015 

56*0 

69*301 

100*0 

61*949 

I 


X = 80*628 - 0*22196^+0*00035 1 


18. 


Copper-silver alloy, containing 1*53 volume per cent 
of copper (bard drawn). 

Length 2139 millims. ; diameter 0*542 millim. 


Conducting-power found before 

heating the wire 

Ditto, after being kept at 100* 

for 1 day 

Ditto, for 2 days 


. Seduced to 0*. 
94*554 at 9*8 97*708 

a 

95*314 at 9*0 98*231 

94-968 at 9*9 98*168 


T. 

Conducting-power. 

i6*o 

94*940 

55*0 

82*126 

100*0 

72*146 


X=98172-0033024(;+00006998f. 


19. 


Iron-gold alloy, containing 97*93 volumes per cent, 
of iron (hard drawn). 


Length 145 millims. ; diameter 0*758 millim. 


Conducting-power found before 

heating the wire 

Ditto, after being kept at 100® 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 days 


„ Bedooed'to 0^. 
2 5815 at 14*6 9*7160 

9*6193 at 14*4 97589 

9-6309 at 14*9 9*7641 

9*6286 at 14*4 9*7836 


T. 

Conducting-power. 

180 

9*8939 

57*5 

9*9739 

100*0 

1*9998 


X-9*7848-0*0096S8(»-H>*00001940A 


The oondnoting-power of a se- , Bednoed to €^. 

oond wire was found 9*6177 at 14*6 9*7481 
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Table V. (continued), 

to. 

IroD'gdd afloj, containing 21*18 volumes per cent, of 
iron (b^ drawn). 

XiengCh 184 millima ; diameter 0*948 

Condnotbff^wer found before . Bodnoed to 0*. 

healing die mra 1*9999 at 14*8 9*0181 

Ditto, after being kept at 100° 

for 1 day 1*9981 at 10*8 9*0814 

Ditto, for 9 days 1*9866 at 13*9 9*0691 


T. 

Conducting-power. 

ll*0 

1*9822 

57*0 

17951 

100*7 

1*7010 


X=9*0632- 0*0061367f+0*00009515<». 

4 

The conducting-power of a so- ^ Beduood to (f, 

cond wire was found 1*8746 at 17*2 1*9681 


21 . 

Iron-gold alloyi containing 10*96 volunaes per cent 
of iron (hard drawn). 

Length 226 millims. ; diameter 0*470 millim. 

Oonducting-power found before Reduced to (f. 

heating ti 10 wire 2*3450 at 15*6 9*3694 

Ditto, after being kept at 100° 

for 1 day • 2*3549 at 13*8 2*3704 

Ditto, for 2 day* 2*8585 at 10*4 9«708 


T. 

Conducting-power. 

liio 

2*3573 

56*0 

2*3138 

100*0 

22798 


X » 2*8708-00011555^-|-0 0000002454^. 

The oonducting-power of a 8e> ftndwffnj to 0*. 

eond wire waa found 2*2397 at 17*2 2*2680 


82. 

Iron-copper alloy, containing 0*46 volume per cent of 
iron (bard drawn). 

longth 673*5 millims. ; diameter 0*358 millim. 

Conduotinff-power found before Reduced to 0*. 

heatiu the wire 38*815 at 9*0 38*852 

Ditto, after being kept at 100^ 

fori day 39*055 at 9*4 39*626 

Ditto, for 2 days 39*124 at 10*4 39*758 

Ditto, for 8 daya... 89*241 at 10*0 39*852 

Ditto, for 4 days 39*313 at 1 1*0 39*988 

Ditto,for5daya 89*384 at 8*8 89*887 


T. 

Couduoting-power. 

l(*0 

39*983 

35*0 

36*739 

100*0 

84488 


XsS9>894-.OH)ei988r-i.OHH)008846|3. 


Table VI. 

1 . 

fPboqphorus-copper, containing 2*5 per-cent by 
weight of phosphorus (hard drawn). 

Length 124 millima. ; diameter 0*355 millim- 

OoDduodng-power found before , Beduoed to 0°. 

heating the wire 7*2993 at 12*6 7*3439 

Ditto, met being kept at 100° 

for 1 day 7*3287 at 12*3 7*8717 

Ditto, for 2 days 7*3424 at 13*6 7*3901 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

1^52 

7*3395 

7*3391 

-I-0-0004 

34*22 

7*2696 

7*2708 

-^12 

56*25 

7*1963 

7*1954 

-fV0009 

77*35 

7*1243 

7*1241 

-i-0-0002 

99*08 

7*0615 

7*0517 

-0*0002 


X=7*3900-0*0035194<-|-0*000001062<*. 

2 . 

f Phosphorus-copper, containing 0*95 per cent by 
weight of phosphorus (hard drawn). 

Length 265*5 millims. ; diameter 0*396 millim. 


T. 

Conducting-power. 

Differenoe. 

Obsorred. 

Calculated. 

lV05 

23*028 

23*032 

-0*004 

24*50 

22*637 

22*635 

+0*002 

39*72 

22*209 

22*203 

+0*006 

54*96 

21*785 

21*787 

■^0*002 

69*48 

21*407 

21*408 

-0*001 

84*92 

21*017 

21*023 

-0*006 

99*83 

SO-673 

20*668 

+0*005 


X=83*368-0*030873f-i-0*00003836r>. 

3. 

f Arsenic-copper, containing 5*4 per cent, by weight 
of arsenic (hard drawn). 

Length 225 millims. ; diameter 0*289 millim. 

CSonducting-power found before a Beduoed to 0°. 

boatiiw the wire 6*3518 at 9*3 6*3739 

Ditto, after being kept at 100° 

for 1 day 6*3780 at 8*4 6*3980 

Ditto, for 2 days 6*3800 at 7*9 6*3988 


T. 

Conducting-power. 

Differenoo. 

Observed. 

Calculated. 

lb*52 

6*8742 

6*3738 

+0*0004 

31*80 

6*3230 

6*8285 

-0*0005 

54*20 

6*2707 

6*2713 

1 -0*0006 

75*58 

6*2232 

6*2220 

+0*0019 

98*05 

6*1703 

6*1708 

-0*0005 


Xs;6’3989>0*OQ23880f+0«)00006881<*. 


2b2 
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Table VI. (continued), 


4 . 

‘fAnenie-copper, containing S*8 per cent, by weight of 
* arsenic (hard drawn). 

Length 547 xnillims. ; diameter 0*431 millim. 

Conducting-power found before o Reduced to 0®. 

heating uie wire 12*2980 at 8*9 12*3787 

Ditto, a&r being kept at 100^ 

fori day 12*2648 at 9*5 12*3507 

Ditto, for 2 days 12*2369 at 11*9 12*3443 


T. 

Conducting-powor. 

Difference. 

Observed. 

Calculated. 

1^*60 

24*75 

ams 

54*72 

69*11 

84*72 

100*28 

121933 

12*0937 

11*9648 

11-8364 

11*7152 

11 5837 
11*4631 

12*1930 

12*0945 

11*9635 

11*8358 

11*7151 

11*5867 

11*4614 

+00003 

-0*0008 

+0*0013 

+0*0006 

+0*0001 

-0*0030 

+0*0017 


X= 12*3156-0*0090694if+0*000005496if^ 


6 . 

f Arsenic-copper, containing traces of arsenic 
(hard drawn). 

Length 381 millims. ; diameter 0*864 millim. 

Conducting-power found before ^ Beduoed to 0^. 

heating die wire il^*680 at lo*4 61*255 

Ditto, after being kept at 100® 

for 1 day 58*924 at 14*5 61*207 

Ditto, for 2 days 59*286 at 12*7 61*295 

Ditto, for 3 days 59*013 at 14^*1 61*236 


T. 

Cond ucting-power. 

Difference. 

Observed. 

Calculated. 

14*65 

58*948 

58*931 

+0-017 

23-85 

57-533 

57*546 

-0*013 

3995 

55*226 

55-244 

-0*018 

54-48 

53-298 

53*299 

-0*001 

ti9-26 

51-464 

51*448 

+0*016 

83-47 

49-801 

49*790 

+0*011 

98-62 

48-141 

48*154 

-0013 


X=61*238-016183^+000002957<'*. 


Tables VII., VIII., IX., and X. contain (1) the values found in a former research*, 
reduced to 0° with the help of the formula given in the above Tables for some of the 
alloys (column A.), (2) the values taken from the above Tables, namely, the first 
observed conducting-power reduced to 0° (column B.}, and (3) the formulee for the 
correction of the conducting-power for temperature, takipg the mean of the values in 
the columns A. and B. as the conducting-power at 0°. 

Table VIL 


Alloy. 

Volumes 

Conducting-power. 

Formi^doD for the correction of the conducting' 

per cent. 

A. 

B. 

power for temperature. 

Sn^Pb 

83*96 of Sn 

11-582 

12*423 

X= 12 002-0 046645^+0 0001042^ 

• X=: 14-558-0 059337i!+00001728i!*- 

Sn, Cd 

83*10 of Sn 

14*459 

14*658 

Sn., Zn 

77*71 of Sn 

16*504 

16-991 

X =: 16 747 - 0 065044i’+0 0001460^ 

X= lOl39-0038358«+000008636^ 

X = 25 6 1 9 - 0 096978<+0 0002049<* 
X=21-658 -0083368^+0-0002038<» 

X= 9-155 -0 032041«+0-00006647<’ 

Pb Sn 

53*41 of Pb 

9*855 

10*423 

Zn Cd^ 

26 06 of Zn 

25*405 

25*834 

Sn Cd. 

23*50 of Sn 

21*194 

22*123 

Cd Pb, 

10*57 of Cd 

1 9047 

9264 



Table VIIL 


Alloy. 

Volnnies I 

per cent. 

Lead-silver 

94*64 of Pb 

lioad-silver 

46*90 of Pb 

Lead-silver 

30*64 of Pb 

Tin-gold 

90*32 of Sn 

Tin-ffold 

79*54 of Sn 

Tin-copper (hard drawn] 
Tin -copper (hard drawn] 
Tin-copper (hard drawn J 
Tin-copper (hard drawn 
Tin-copper, (hard drawn 
Tin-oopper (hard drawn! 
Tin-copper (hard drawn) 
Tin-silver 


93*57 of Sn 



83*60 of Sn 


14*91 oS Sn 


12*35 of Sn 


11*61 of Sn 


6*02 of Sn 


1*41 of Sn 


96*52 of Sn 

Tin-silver 

75*51 of Sn 

Zinc-oonner (hard drawn^ 

42*06 of Zn 

1 Zinc-oopper {hard drawn 
1 Zinc-ooDDer (hard drawn 

) 

29*45 of Zn 

{ 

23*61 of Zn 

1 Zinc-oopper (hard drawn) 

10*88 ofZn 

1 Zinc-oopner (hard drawnS 

5*03 of Zn 



' 1 


Conducting-power. 

Formulos for the correction of the conducting- 

A. 

B. 

power for temperature. 

8*823 

8*938 

X= 8-880 -0-032I49« +0-0000707<W» 

12*071 

13391 

X=: 12-731 -0-024986< +0 00000947^ 


21*874 

X=:21*874 -0043652^ +0*00005687^ 

. 82418 


X== 8 2418-0 025418^ +000005472^^ 

45500 

5-0427 



12034 

X=120s34 -0*044328^ +000009781^** 


12-764 

X= 12-764 -0-042457^ +0-00008734^* 


8*823 

X= 8 8223.-0 0048266^+0-000002598^ 


10154 

X=10 154 - 0 0067656i!+0‘00001803^. 

hhhhhh 

12*102 

X=r 12-102 - 0 0083587^+0-000003674^ 

19-750 

19*682 

X=19-716 -0-019626^ +00000im04« 


62*463 

X=62*40d -0*16713if +0*0008186^ 

12378 

12390 

X=: 12-384 -0-017293^ +0-0001014^ 

13*547 

13806 

X=13'706 -005I720« +<M;001l72r 


21*793 

X=2I'793 -0-029939^ +0*000029164* 


21*708 

Xs=2l-708 -.0*0276324 +0-000026984* 

BWliiiifl 

28*298 

X=28-298 -0-0400394 +O-0OOQ98S24* 


46*934 

X =46-934 -0-0959474 +0-M0f4234* 

IHH 

60*376 

X=60-376 —0-149164 +0 00024734* 


♦ 


* Philosophical Transactions, 1860, p. 106. 
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Platinum-Bilror (hard drawn^ ... 
Platinum-silTer (hard drawn) ... 
Platinum-silver (hard drawn) ... 
PoUadium-silver (hard drawn} ... 

Copper-silver (hard drawnlt 

Copper-silver (hard drawn) ( 


VoIumoB 
per cent. 

98*63 

of Au 

81*66 

of Au 

7986 

of Au 

79*86 

of Au 

52*08 

of Au 

52*08 

of Au 

19*86 

of Au 

19*80 

of Au 

19*17 

of Au 

0*71 

of Au 

19*65 

ofPt 

505 

OfPt 

2*51 

ofPt 

23*28 

of Pd 

98*35 

of Cu 

95*17 

of Cu 

7764 

of Cu 

46*67 

ofCu 

8*25 

of Cu 

1*53 

of Cu 

2793 

of Fo 

21*18 

of Fe 

10*96 

of Fo 

0*46 

of Fe 


Condoeting-power. 


56*122 

10*086 

21*279 

21*527 


21393 

15*636* 

15*080 

21*305 



22*062 

22*125 

20*514 

84*008 

6*6960 

18*031 

31*640 

8*5214 

89*544 

82*300 

69*311 

74*940 

80*284 

97*708 

2*7350 

1*9901 

2*3102 

38*852 


Formuhe for the correction of the conductiiig*- 
power for temperatun. 


X=56*I22 —0*14887^ -i-0*00026Ut> 
\=16083 -0*012041^ +0*000001296^* 
X=:21*335 -0*023212^ +0*00001694^* 
X=21 584*-0*024539< +0*00002506^ 
X= 15*030 >0*010120^ +0*000003697^ 
X=15*080 -0010864^ +0 000007457<* 
X=21*684 -0*019185^ +0*00001 152if* 
X=21*746*-0 019753^ +0*00001395^ 
X=20*514 -0*017718« +0*00001 170<* 
X=84*008 -0*27895^ +00006139/* 

X= 6*6960-0*0022143/+0*000001393/* 
X=18*031 -0*018949/ +0*00001182/* 
X=31*640 -04)39363/ +0*08008642/* 
X= 8*5214-0*002764/ -0*000001814/* 
X= 89*544 -0*30886/ +0*0007155/* 
X=82*300 -0*26758/ 4-0*0005717/* , 
X=69*81i -0*21194/ +0*0004240/* 
X=74*940 -021011/ +0*0003961/* 
X=80*284 -0*22101/ +00003503/* 
X=97*708 - 0*32868/ +0*0006065/* 

X= 2*7350-0*0095555/+0 0000l919/* 
X=: 1*9901 -0*0059194/+0*00002426/* 
X= 2*3102-0*001 1260/+0 0000002391/* 
X=38*852 -0*060341/ +0*00008128/* 


Alloy. 

Weight 
per cent. 

Phosphorufl-oopper ^hard drawn).. 
Pho8phoru8>copmr (hard drawn).. 

Arsenic-copper (liard drawnj 

Arsenic-copper (hard drawn ) 

Arsenic-ooppor (hard drawn) 

2-5 ofP 

0 95ofP 

5*4 of Ab 
2*8 of Ab 
traces of As 


Table X. 

Conducting-power. 

Formulae for the correction of the conducting- 

A. 

B. 

power for temperature. 

7*301 

23*920 

6*219 

13*356 

60*854 

7*343 

23*368 

6374 

12*379 

61*255 

X= 7*322-0*0034870/+0*000001052/» 
X=23 644 -04)31238/ +0*00003882/> 

X= 6*296-04)023492/+0*0000006230/» 
X= 12*867 -00094757/+0 000005743/* 
X=61*055 - 0*16134/ +04)002948/* 


The values in columns A. and B. do not agree in all cases as well as might have been 
expected. Part of these differences are undoubtedly due to the fact that, the length of all 
wires made of alloys melting at a low temperature was measured after the determination 
had been made, as we found very great difficulty in soldering them to the thick copper 
wires in the]trough, for, owing to their low fusing-points, the ends of the wires melted in 
with the solder. Now they had to be wound round a glass rod, as their length would 
not permit of their being experimented with in the trough without it ; it is therefore 
probable that, on account of their softness, in unwinding and straightening them they 
became somewhat lengthened, which will account in a great measure for the differences. 
The value given for the conducting-power of one alloy (lead-silver, containing 30 ‘64 per 
cent, of lead, and corresponding to Pb Ag,) in the paper already referred to is wrong. 

* Those TalttOB have been altered to the same extent as those given in column B. for the hard-drawn wires, 
in order that the effect of annealing may remain the same. 

The alloys of these metals formerly tested do not quite correspond in composition to those here given, and 
therefore the values then found for their conducting-powers are not quoted above. They agree, however, very 
doscly tvith those in oolamn B. 
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We not only used paxt of the same alloy employed for the former determinations, but 
also made and analysed a fresh quantity, and found the Talues for the conducting-power 
in both cases the same ; the present value is therefore the correct one for the conducting- 
power of the alloy. The error made in the former determinations must have been that 
a wrong normal wire was noted down as the one with which the resistances of the wires 
were compared ; for according to the data from which the conducting-powers were then 
deduced, those there givrni are correct 

In order to show in a clear manner the results obtained, and to explain tht law which 
we have arrived at, we will g^ve in the first place the following Tables : — 


Table XI. 


1 

Alloy. 

Yoliuiies 
per cent. 

Conducting-power at 100®. 

Percentage decrement, j 

Observed. 

Calculated. 

Observed. 

Calculated. 

SiuPb 

83-96 of Sn 

8-38 

828 

3018 

29-67 

Sn^ Cd 

88-10 of Sn 

10.15 

1010 

28-89 

30*03 

Sn. Zn 

77-71 ofSn 

11-70 

11-37 

30-13 

30-16 

Pb Sn 

53 41 ofPb 

7-16 

7-21 

2941 

29-10 

Zn C<L 

26-06 of Zn 

1797 

17-75 

29-86 

29-67 

Sn Cd, 

23-50 of Sn 

1536 

14-88 

2908 

30-25 

Cd Pb, 

10-57 ofCd 

662 

7-03 

27-74 

2760 


Table XII. 


AUoy. 


Lead-nlrer 

tead-^ilTcr 

Lead-silTer 

Tio-gold 

Tin^gold 

Tni>eoppor fhard drawnY 
Tin-copper (hard drawn). 
Tin-copper (hard drown V 
Tin-copper ihard drawn). 
Tin-copper (hard drawn). 
Tin-copper (hard drawn). 
Tin-copi)cr (hard drawn). 

|Tin-«ilver 

|Tin-Bilrer 

1 2ino-copper (hard drawn) 

I Zinc-copper (hard drawn) 
ZinMsopper ihard drawn) 
Zinc-copper (hard drawn) 
Zinc-oopper (hard drawn) 


Conducting-power at KtO^. 


Voluraee 
per cent. 


94’64 of Pb 
46-9«ofPb 
30-64 of Pb 
90-33 of Sn 
79-64 of Sn 
93-57 of Sn 
83-60 of Sn 
14-91 ofSn 
12-35 of Sn 
11-61 ofSn 
6-02 of Sn 
1-41 ofSn 
96-52 of Sn 
75-51 ofSn 
42-06 cd-Zn 
29-45 of Zn 
23-61 of Zn 
10-88 ofZn 
5-03 of Zn 


Obaerred. 


6-37 

10- 63 
18-08 
6-25 
3-70 

8- 58 

9- 39 

8- 37 

9- 60 

11- 30 
1789 
48-89 

8- 67 

9- 71 
19-09 
19-31 
24-68 
38-76 
47*93 


Calculated. 


9*35 

40-30 

50-83 

13-23 

18-23 

13-72 

18-90 

61-42 

63-02 

63-47 

66-93 

69-78 

10-90 

23-91 

49-67 

56-89 

58-83 

65-30 

68-13 


Fcroentago decrement 


Obaerved. Calculated. 

28-34 19-96 


16-53 


7-78 


17-36 

10-42 

24-20 

13-84 

23-90 

5-95 

28-71 

19-76 

26-24 

14-57 

5-18 

8-99 

5-48 

4-46 

6-60 

5-22 

9-25 

7-83 

21-74 

20-58 

304M> 

23-81 

29-18 

11-89 

12-40 

11-29 

11-49 

lOKtS 

12-79 

1280 

17-41 

17-42 

3061 
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Table XIII. 


Alloy. 

Volumes 

Cbiictiiotiii 9 *power at 100". 

Percentage decrement 

peroeut 

Observed. 

Calculated. 

Observed. 

Calculated. 

Qold-oopper fhard drawn) 

98*03 of Au 

43*85 

55*33 

21*87 

22 22 
2*53 

Gk>ld-oop^r (hard drawn) 

81*66 of Au 

14*89 

57*96 

7*41 

Ck^ld-Bilyer (hard drawn) 

79*86 of Au 

19*18 

58*25 

10*09 

9*65 

Gold-silver (annealed) 

79*86 of Au 

19*38 

f 0 58-251 

1 560*24/ 
62*58 

10*21 

/o 9*75 

15 9-43 
6*58 

Gold-silver (hard drawn) 

52*08 of Au 

14*05 

6*49 

Gold-silfisr (annealed) 

62*08 of Au 

14*07 

/ 0 62*581 

1 565*99/ 
67*60 

6*71 

(a 6*69 
15 6*25 
8*62 

Gold-silver (hard drawn) 

19*86 of Au 

19*88 

8*32 

Qold-ffilvof (annealed) 

19*86 of Au 

19*91 

/o67*601 
15 72-68/ 
67-68 

8*44 

/o 8*63 
15 8*03 
8*18 

Oolfl-nonnftr fhard drawn^ 

19*17 of Au 

18*86 

8*07 

25*90 

Gold-copper (hard drawn) 

0*71 of Au 

62*25 

70*54 

• 25*86 

Platintini<«ilver Hiard drawnl 

19*65 of Pt 

6*49 

59*31 

3-10 

3*21 

Platinnixi-ftilver (hard drawn) 

5*05 of Pt 

16*75 

67*77 

7*08 

7*25 

PlaHnnni-Hilv’cr (liard drawn) 

2*51 of Pt 

28*07 

69*24 

11*29 

11*88 

Platinnm-Rilver (hard drawn) 

23*28 of Pd 

8*23 

57*27 

3*40 

4*21 

rfopp^'f-ailver (hard drawn) 

98*35 of Cu 

65*81 

70*66 

26*50 

27*30 

Copper-silver (hard drawn) 

95*17 of Cu 

61*26 

70*66 

25*57 

25*41 

Copper-silver (hard drawn) 

77*64 of Cu 

52*86 

70-66 

24*29 

21*92 

Copjior-silvcr (hard drawn) 

46*67 ofCu 

67*89 

70-68 

22*75 

24*00 

Copper-silver (liard drawn) 

8-25 of Cu 

61*69 

70*69 

23*17 

25*57 

Copper-silver (liard drawn) 

1*53 of Cu 

71*81 

70*69 

26*51 

29*77 

Iron-gold (hard drawn) 

27-93 of Fe 

1-97 

42*62 

27*92 

1*47 

Iron-gold (hard drawn) 

21*18 of Fe 

1*64 

45*64 

17*55 

1*12 

Iron-gold (hard drawn) 

10*96 ofFo 

2*20 

49*68 

3*84 

1*34 

Iron -copper (hard drawn) 

0*46 ofFe 

33*63 

70*34 

13*44 

14*03 



These Tables will require some explanation. Calculated conducting-power means the 
deduced conducting-power of an alloy, it being assumed that the conducting-power of a 
wire of any alloy is equal to the sum of the conducting-powers of parallel wires of the 
metals composing the alloy. 

Under the term “calculated percentage decrement between 0° and 100“,” we do not 
mean, as might bo supposed, the mean of the percentage decrements which the com- 
ponent metals would suffer in their conducting-powers between 0° and 100“, and which 
would be, for nearly all the alloys experimented with, 29*307 per cent, inasmuch as it 
has been shown* that the conducting-power of most of the pure metals decreases between 
0® and 100“ by 29*307 per cent, (the exceptions to this law, being thallium andiron, the 
conducting-powers of which decrease between 0“ and 100® 31*420 and 38*260 per cent 
respectively f). It is therefore clear that the calculated percentage decrement in the 
conducting-powers between 0® and 100° of most alloys, from the above assumption, must 
be also 29*307 per cent. It is, however, obvious, on looking at the observed percentage 
decrements, that the conducting-powers of the alloys, with the exception of those given 
in Table XL, decrease less than 29*307 per cent, between 0® and 100“. In order to avoid 
repetitions, instead of the above value (29*307), we have inserted under the heading 
“ calculated percentage decrement ” that deduced from the following law : — 

Ths obaeroed percentage decrement in the conducting-power of an alloy between 0® and 
100“ is to that calculated between 0® and 100“ (viz. 29*307) as the observed conductmg- 
power at 100“ is to that calculated at 100®. 

• Loe. ctfc 


t Philosophical Transactions for 1863. 
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Or writing the aboye in symbols, 

Po » Pc • * r , m t f (1) 

where Po and Pc represent the observed and calculated percentage decrements in the 
conducting-power of the alloy between 0° and 100®, and X,w<. and its observed and 
calculated conducting-power at 100®, Pc is, as just stated, equal to 29*307 in nearly all 
cases, the exceptions being "vvith the thallium and iron alloys. 

If the values so deduced be examined, it will be seen that those given in Table XI. 
for the observed and calculated percentage decrement agree very closely with each 
other as well as with the mean value found for the percentage decrement in the con- 
ducting-power between 0® and 100® of the pure metals, viz. 29*307. This is just what 
we expected ; for these alloys conduct electricity, as will be seen from the Table, in the 
ratio of their relative volumes, and therefore their conducting-powers ought to decrease 
between 0® and 100® in the same percentage amount as that of the mean of their com- 
ponents. 

On looking at Table XIL, which contains the alloys made of the metals belonging to 
the two classes, we find that, as long as there is no change in the conducting-power of 
the metals lead and tin by the addition of another metal, the conducting-power of the 
alloy decreases between 0® and 100® 29*307 per cent, but the moment the alloys show a 
greater or smaller conducting-power than that of pure lead or tin, then the percentage 
decrement is less than 29*307. Again, the alloys of tin or zinc with copper containing 
small amounts of those metals follow approximatively the above law ,* and on referring 
to the curves* which represent the conducting-powers of these alloys, it would appear 
that, starting with the metal whose conducting-power is greatly altered by a small addi- 
tion of a foreign metal, the above law, as just stated, is approximatively true for all alloys 
as far as the turning-point of the curve, and from this point there is no agreement 
between the observed and calculated values. The difibrence between these values begins 
to show itself in some cases much sooner than in others ; thus, with tin and copper after 
the addition of one per cent, of the former ; with zinc and copper only after more than 
ten per cent, of zinc has been added, and from these points it gradually increases with 
each addition of metal. What the exact law is which these alloys follow with regard 
to the property under consideration we are unable at present to state, but some of them 
at least show that the law we have put forth will hold good in their cases. Unfortu- 
nately the alloys of this class, containing large percentages of each metal, are exceed- 
ingly brittle and unworkable, so that no complete scries of determinations with any set 
of alloys could be made ; had we been able to do this with one or two series, we should, 
in all probability, have found the law which regulates the influence of temperature on 
the conducting-power of this group of alloys. With regard to those in Table XIII. 
very little need be said, for the deduced percentage decrements prove that our law holds 
good for 6iost of the alloys of this group. There are nevertheless a few remarks to be 


• Loe, dt. 
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made respecting some of the values given in this Table, namely, on those of the annealed 
wires. Elsewhere it has been show that the conducting-power of hard-drawn wires of 
some metals is greatly altered by annealing them ; with the alloys this does not seem to 
be the case, for the differences here are very small. On account of their smallness we 
havp not thought it worth while to investigate this matter any further at present ; for 
to arrive at such results -as might show the connexion between the effect of annealing 
on the conducting-power of alloys and on that of the metals composing them, would 
require a long series of experiments. Although the percentage decrements in the con- 
ducting-power of these annealed wires are all somewhat higher than those of the hard 
drawn, yet they may be considered the same, as the percentage decrements in the 
conducting-power of hard-drawn and annealed wires of the pure metals vary also in a 
small degree, but not always in the same direction. Thus those found for silver were — 

Hard drawn. Annealed. 

28-67 28-82 

28-44 28-67 

27-82 28-21 

We have calBulated, as will be seen in the Table, the percentage decrements in two 
ways : — 1st (a), using for the calculations the conducting-powers of the hard-drawn, and 
2ndly (i), those of the annealed metals. The values so obtained for the percentage 
decrement do not differ very much from one another. 

In calculating the results for the iron alloys, Pc has not been taken equal to 29-307, 
but for each alloy Pc has had to be calculated. Thus for the 1st, iron-gold, which 

contains 27-93 volumes per cent, iron, 

• 

The conducting-power of 1 volume of iron may be said to lose between 0® and 


100® 38-260 per cent. ; therefore 0-2793 volume will lose 10-68G 

That of 1 volume of gold may be said to lose between 0° and 100° 29-307 per 

cent. ; therefore 0-7207 volume will lose 21-122 

1 volume of iron-gold alloy, containing 27-93 per cent, iron, will therefore lose 31-808 


On comparing the values obtained for the conducting-powers, &c. of the iron-gold 
alloys, the following facts are worth mentioning, — their very low and almost identical 
conducting-powers, and the high percentage decrements found for the first two and the 
low one for the third. That there was no error in this value we convinced ourselves by 
remaking the alloy, which contained, according to analysis, the same percentage amount 
of iron as that given in the Table, and the percentage decrement in its conducting-power 
was found equal to 4*04. Again, an alloy, made by a well-known firm *, which gave on 
analysis 11*94 volumes per cent, iron, conducted at 0® 2*097, and lost between 0° and 
100® 4*30 per cent of conducting-power. Unfortunately experiments with alloys richer 

* We are indebted to Ifessra. JoaireoN, Matthst and Co., of Hatton Garden, for many of the alloys experi- 
mented with. These were the first two, iron-gold, the platinum-silver, palladium-silyer, and aluminium-nickel. 

MDCCCLXIV. 2 C 
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in iron could not be made, owing to the brittleness of the alloys ; the high percentage 
decrement in the conducting-power of the first two indicating something abnormal, 
which it would have been interesting to have followed out. 

On account of the probability of the arsenic and phosphorus being chemically com- 
bined with the copper, we have not considered it worth while to calculate the percentage 
decrements, and therefore no Table corresponding to the last has been made for these 
alloys. 

If the above proportion, 

Po : Pc : : Xjoco : X'.ooo, (1) 

be converted into terms of resistance, the following formula is obtained, 

^ 100 * ^ 100“ 5 * • 


where r,,^, n., and rio««, 
0"; for 

but 


represent the observed and calculated resistances at 100® and 

Po ^100* . 

Pc 


and 


Pozzioo-^isr. ioo=l^(x^-x,^), 

AqO X(|0 

Pc=ioo-^‘,<«". 100= 

AqO AjiO 


And substituting these values in the above, we have 

Ago AgO“A|()QO AjogO 

Ago A I ggo XgO — AjggO 

Ago • A|ggO AgO • A|ggO 

J 1 

Ajgg® AgO Ajggo XgO 

) ( 2 ) 

for the reciprocal values of the conducting-powers of bodies are their resistances. The 
formula (2) expresses the fact that the absolute difference between, 0®C. and 100® C. in 
the resistance of an alloy is equal to the absolute difference between 0® C. and 100® C. in 
the calculated resistance of the allay. 

The formula (2) may be written 

» (3) 

which is equal to saying that the absolute difference in the observed and calculated resist- 
ances at 100® C. is equal to the absolute difference between the observed and calculated 
resistances at 0® C. Tables XIV., Xv!, and XVI. contain examples of these deductions 
taken from the three groups of alloys, taking the resistance of silver at 0® equal to 100. 


or 


or 


which is equal to 
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Table XIV. 


Alloy. 

Tolumes 
per oont. 

^100®* 

V 

*‘'i*®»* 

^0- 



r 1000—7^1000. 


Sn, Pb 

83*96 of Sn 

1193*3 

833*3 

1207-7 

863*8 

360^ 

354*5 

19*9 

14*4 

Sn^Od 

83*10 of Sn 

966*8 

686-8 

990*1 

699*8 

879*4 

890-3 

83-9 

130 

Sn» Zn 

7771 ofSn 

864-7 

597*0 

879-6 

681-9 

257-7 

267-6 ' 

24*8 

24 9 

Pb Sn 

63*41 ofPb 

1396*6 

986*8 

1887-0 

980-4 

410-4 

406*6 1 

9*6 

6-8 

Zn C<L.... 

26 06 of Zn 

666-6 

390-3 

663*4 

398*4 

166*2 

166*0 

6-9 

8*1 

Sn Cd. 

23'60ofSn 

651*0 

461-7 

672-0 

474-8 

189*8 

197*8 

81*0 

13*1 

Cd Pb, 

10-67 of Cd 

1610*6 

1098*9 

1428*2 

10060 

4177 

417*4 

88*4 

87-9 


Table XV. 


Alloy. 

Volumes 
per cent. 

^100®' 

V* 

»-'ioo°* 

n®* 

^10.®“^.®* 

jr'ioo®”*^.®* 

’■|e#®‘“*^UHi®* 


Lead-Bilver 

94-64 of Pb 

15699 

1126-1 

1069-5 

755-9 

443*8 

; 

313*6 

500*4 

3702 

Lead-Bilver 

46 90 of Pb 

9407 

785 5 

248*1 

175-4 

155 2 

727 

692-6 

610-1 

Lead-silver 

30 64 of Pb 

653-1 

4572 

196 7 

139-1 

95-9 

57-6 

356*4 

3181 

Tin-ooppcr 

93-67 ofSn 

1165 5 

831*3 

786-2 

555*6 

334-2 

8306 

379*3 

275*7 

Tin-cop{)er 

83 60 of Sn 

1065 0 

783-7 

529-1 

374-1 

2813 

155*0 

535-9 

4096 

Tin-copper 

14-91 of Sn 

1196 8 

1133 8 

1628 

115-1 

62-4 

47*7 

1033-4 

10187 

Tin-copper 

18-3.5 of Sn 

1041 6 

985-2 

1587 

112 2 

56-4 

465 

882*9 

8730 

Tin-oopper 

11 61 ofSn 

8850 

8264 

157-6 

111*4 

586 

462 

7274 

715-0 

Tin-oopper ..j 

' 6 02ufSn 

5690 1 

507*1 

1494 

1056 

51 9 

43-8 

409*6 

401*5 

Tin-copper | 

1-41 of Sn 

804 5 j 

160*1 

1433 

101-3 

44-4 

42*0 

61 2 

58-8 

Zinc-coppor 

42-06 ofZn 

523 8 1 

458 9 

201*7 

124 6 

64-9 

59-1 

322*1 

3163 

Zinc-copper I 

89-45 of Zn 

580 6 { 

4606 

178 9 

126-5 

600 

52-4 

341*7 

334-1 

Zinc-copper ; 

23 61 of Zn 

4052 1 

353*4 

170*0 

120 2 

51-8 

49-8 

235-2 

233 2 

Zinc-copper 

10*88 of Zn 

258-0 j 

215-1 

153-4 

108 4 

44*9 

45-0 

104*6 

104-7 

Zinc-copper 

5 03 of Zn 

808 6 1 

1 

1656 

146*8 

1038 

430 

43*0 

61-8 

61*8 


Table XVI. 


Alloy. 

Volumes 
per cent. 

'"lOO®* 

v- 

^100®’ 

»*v* 

j 

'’ioo®~’’o®* 


r,00o — r'jo0o. 

rj,o~rV 

Gold-copper (hard drawn) ... 

98'63 of Au 

228-1 

198-2 

1807 

127*8 

49*9 

529 

474 

504 

Gk)ld-copper (hard drawn) ... 

81 66 of Au 

671-5 

621 9 

172-5 

1220 

49-6 

50-5 

4904) 

499*9 

Gold-silver (hard drawn^ . . . 

79*86 of Au 

521-4 

468 8 

171 7 

121*4 

526 

503 

349-7 

347*4 

Gold-silver (hard drawn) ... 

52 08 of An 

7117 

665*3 

159-8 

1134) 

46-4 

46*8 

551*9 

552*3 

Gold-silver (hard drawn) ... 

19-86 of Au 

503 0 

461*2 

147*9 

104*6 

41 8 

43*3 

355-1 

356*6 

GK)ld-oopper (hard drawn) 

19-17 of Au 

530*2 

487-6 

147*8 

104-5 

426 

43-3 

382-4 

383*1 

Gk)ld-copper (hard drawn) 

0-71 of Au 

1606 

1194) 

141-8 

1002 

41-6 

41 6 

18-8 

18*8 

Platinum-silver (hard drawn) 

19 65 of Pt 

1540 8 

1492-5 

168-6 

119 2 

48*3 

494 

13722 

1373*3 

Platinum-silver (hard drawn) 

5-05 of Pt 

597-0 

5546 

1476 

1043 

42-4 

43*3 

449*4 

450*3 

Platinum -silver (hard drawn) 

2-51 ofPt 

356-3 

316 1 

144*4 

102*1 

40*2 

423 

2119 

214-0 


What has already been said when speaking of the results contained in Tables XL, 
XII., and XIII., will of course apply here. In Table XIV., the values in the columns 
headed and Too— r(,. do not agree in all cases; and at the first glance we should 

be inclined to suppose that the law was not as correct for these alloys as for those given 
in Table XVI. ; but this is only due to slight errors in the determination of the resist- 
ances, &C., for a small percentage difference in these numbers will cause a very marked 
one in those under the headings ro.— r^. If, on the contrary, the values 

in the columns r«o and Tables XIV. and XVI. be compared with each 

other, it will be seen that those in Table XIV. agree together quite as well as those in 

2c2 
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Table XVI. ; and therefore, if the values in Table XIV. were smaller, those in the 
columns headed r,eo»— r'loc® and rjo— /o® would agree much better together. 

If 



be correct, we may suppose that 

that is, the aibeolute difference between the observed and calculated resistances of an alloy 
at any temperature is equal to the absolute difference between the observed and calculated 
resistances at 0® C. ; or, in other words, 

rt—rt= constant (4) 

Table XVII. contains some examples Which show this to be the case. 


Table XVII. 


Alloy. 

T. 

r. 


Difference. 


/ 

d 

1092 9 

1005 0 

87-9 



20 

11710 

1083^ 

880 

CdPbg ^ 


40 

1253*1 

1164-9 

882 


60 

13387 

1249-8 

889 



80 

1424-5 

1335 8 

887 



100 

15106 

1422-2 

88-4 


/ 

0 

11904 

10021 

18-83 



20 

127*11 

107-98 

19-13 

Oold-oopper, containing 071 ^ 


40 

135 44 

11616 

1928 

volume per cent, of gold . . . ' 


60 

143-92 

124-63 

1929 



80 

15239 

133 21 

19-18 



100 

160-64 

141-76 

18-88 


( 

0 

46871 

12136 

349*35 



20 

479-00 

13077 

348*23 

Gold-silver, containing 79*86^ 

1 

1 

40 

489-38 

140-67 

348-71 

volumes per cent, of gold. . . ^ 


60 

499-93 

150-92 

349-01 



80 

510 57 

161-31 

349*26 



100 

521-30 

171*67 ! 

349*63 


The values given in the column r were calculated with the help of the formula? from 
Tables VII. and IX., those in the column r' with that deduced for the correction of 
conducting-power for temperature of most of the pure metals, namely. 


If, now. 


X= 100- 0-37647^ + 0-0008340^*. 
r|—rl= constant, . . ' 


( 4 ) 


it is clear that we may deduce the formula for the correction of resistance or conducting- 
power for temperature of an alloy as soon as we know its composition and its resistance 
at any temperature ; for, as and r't may be calculated by means of the formula 

given for the correction of conducting-power for temperature for most of the pure 

metals, viz. X=100-0-37647<+0 0008340«’*, 


* Loe. eit. 
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if the constant be determined, then 

noo»=^ioo» + constant, 
Tt -f- constant, 

=ri. -i-constant; 


and from these terms a formula for the correction of resistance or conducting-power for 
temperature may be calculated, which in most cases will be found very near the trutli. 
Thus, take, for instance, the gold-silver alloy containing 79*86 volumes per cent, gold 
(hard drawn), and we find 


the first observed conducting-power 

that calculated 

hence the resistance observed is . 

that calculated 

therefore r* — 349*16. 

But the calculated resistance at . 




19 


11 


11 


11 


therefore r, the true resistance, will be at 


11 


11 


11 


11 


11 


11 


11 


11 


or the conducting-powers will be at . 


11 


11 


11 


11 


11 11 11 11 
The formula deduced from these numbers is 


21*010 at ir*7, 

78*866 at 11°*7, 

475*96 atir*7, 

126*80 atir*7; 

0‘’=121*36, 

50°=145*75, 

100°=171*67, 

0"= 121 *36 + 349*16 = 470*52, 
50°= 145*75 + 349*16 =494*91, 
100°=171*67-f 349*16=521*83; 
0°=21*253, 

50°=20*206, 

100°= 19*200. 


X = 21 *253 - 0*021 350« + 0000008200«>. 

The conducting-power, according to this formula, of the alloy at 11°*45 will be 21010; 
but after having kept the alloys at 100° for three days it altered, and was found at that 

21*031 

temperature to conduct 21*031. If the above formula be multiplied by <,^.^y^Q =l’001* 
we arrive at 

x=21 *2 74-0*021372^-1- 0000008208<‘ ; 

and if the conducting-powers be calculated for the different temperatures in the following 
series, the difference between the observed and calculated values will be found to be 
very small. 


T. 

Conductiug^power* 

Diflerenoe. 

OboerTed. 

Calculfttod. 

i!'45 

21-031 

21-031 

0-000 

26 U4 

20-698 

20-723 

-0025 

4<)04 

20-391 

20-421 

-0-030 

85-26 

20-065 

20-118 

-0-0S3 

67-73 

19-806 

l,‘»-864 

! -0058 

84-18 

19-463 

19-.';:i4 

-0071 1 

98-45 

19-175 

19-250 

-0 075 1 

i 



188 DBS. A. MATTHIESSBN AND C. VOGT ON THE 1NFLUENC?E OF 

Another example: the gold-copper alloy containing 0*71 volume per cent, gold (hard 
drawn) conducts 79*884 at 16®‘3 ; the formula deduced in exactly the same manner as 
the above was 

x=83*843-0-26810^+0*0006162f ; 

and the formula deduced from this, with the help of which the following calculated 
values were obtained, was 

X=84-204-0*26926^+0'0005174^*. 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

1 

.1 _ _ 

l?-27 

79-709 

1 79-708 

0-000 

28-98 

77-952 

< 78045 

-0-09S 

39-55 

74-154 

74-364 

-0-210 

54-26 

70-924 

1 71118 

-0-194 

69-26 

67-920 

68037 

-‘0-117 

83-86 

65-213 

1 65-263 

-0-050 

98-78 

62-645 

I 62-656 

-0011 


Again, let us take another example, the alloy Sn 4 Cd, for which the values (Table 
XIV.) obtained for rioco—rloo* and roo— rj,, agree worse than any other in that Table; 
and if the results agree, it will show that the differences in these values are, as before 
stated, due to errors of observation. 

The first observed conducting-power was 14*259 at 6*’*8. 

The formula deduced, as above, was 

x= 14*641 - 0*055250^+ 0*0001158^». 

That deduced to calculate the conducting-powers for comparison with those observed, was 

x=14*455-0*054673^-h0*000114m 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

^-72 

13 986 

13968 

0-000 

2552 

13-086 

13-134 

-0-045 

39-50 

12-419 

1-2-473 

-0054 

54-96 

11-770 

11-795 

-0-025 

69-40 

11218 

10-211 

+0-007 

84-02 

10933 

10-666 

+0-067 

. 98-85 

10-333 

10-166 

+0-167 


Tliese examples are sufficient to prove that the law we have put forth is correct for 
most of the two metal alloys ; we might have experimented with many more alloys whose 
conducting-power would have followed the above law, but we thought determinations 
with a few members of each group of alloys would suffice to prove its correctness for 
most of them. We have endeavoured rather to find the exemptions to the law than to 
obtain a large number of results which will agree with it. 
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II. Experiments on the Influence of Temperature on the Electric Condwting-power of 

some Alloys composed of three Metals. 

In the course of the foregoing experiments we were induced to try whether the 
influence of temperature on the conducting-power of the three metal alloys would be 
regulated by the above law, and Tables XVIII. and XIX. contain the results. 


Table XVIII. 


1 . 


Gold>copper*siIver alloy, containing 60 volumes per cent, gold, 25 copper, and 26 silver ^bard drawn). 


Length 341*5 millimB. ; diameter 0*618 miUim. 


Conduoting-power found before heating the wire 10*6186 at 1^*7 

Ditto, after being kept at 100“ for 1 day 10*6367 at 6*0 

Ditto, for 2 days 10*6855 at 6*7 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

ld*75 

10-5637 

10-5617 

-f-0K)020 

3352 

10-4341 

10-4346 

- 0-0005 

55*15 

10-3130 

10-3148 

-0-0018 

78*35 

101846 

10-1873 

-0-0027 

97*62 

10-0857 

100828 

+0-0029 


X= 10*6220-0 00s6248/+00000009863^^ 


Beduced to 0°. 
10-6960 
10*6681 
10*6232 


2 . 

Gold-copper-silver alloy, containing 40*67 vols. per cent, 
gold, 39*81 copper, and 19*52 silver (bard drawn). 
Length 532 millime. ; diameter 0*625 millim. 

Conducting-power found before „ Beduced to 0* . 

heating the wire 12*007 at 15*1 12*109 

Ditto, amr being kept at 100° 

fori day 11*978 at 15*5 12*088 

Ditto, for 2 days 11*915 at 16*5 12*026 

Ditto, for 3 days 11*914 at 15*9 12*020 


T. 

Conduoting-power. 

5-0 

11-956 

54*5 

11-647 

100*0 

11-438 


X = 12*017 -0*0069038^+0*00001 1 1 1^. 


3. 

Gold-copper-silver alloy, containing 3*67 vols. per cent, 
gold, 83*32 copper, and 13*01 silver (hard drawn). 

Length 764 millims. ; diameter 0*553 millim. 

Conducting-power found before , Beduced lo 0°. 

heating the wire 44*820 at 18*4 44*272 

Ditto, after being kept at 100° 

for 1 day 42*994 at 17*1 44-348 

Ditto, for 2 days 42*983 at 18*2 44-424 

Ditto, for 3 days 43*047 at 17*0 ^ 44-395 


T. 

Conducting-power. 

lf*0 

48*591 

55*5 

40*800 

100*0 

37*560 


X=:44*472- 0*0615S5f+0*0001940r». 


Table XIX. 


Alloy. 

Volumes per cent. 

Conduoting-power at 100^. 


Observed* 

Calculated* 

Obsorred. 

Oaloulated. 

Qold-oopper-rilver ( 
(hard orawn). 1 

50 Au 

25 Cu 

25 Ag 

1 10*14 

62*89 

5*20 

4*72 

Ditto 1 

40*67 Au 
39*81 Cu 
19*52 Ag 

1 11*52 

64*34 

4*82 

5*25 

Ditto 1 

3*67 Au 
83*32 Cu 

18*01 Ag 

1 87*39 

70*09 

15-54 

15*63 

Argentan | 

12*84 Ni* 
86*57 Zn 
50*59 Cu 

1 7-46 

44*44 

4-39 

4*93 


* Values found by analysis. Of tbia -wire all our normal wires were made. According to former experi- 
ments (Philosophioal Tranmtions, 1862, p. 6), the formula for the correction of oonduoting-power for tempe- 
ratiure of this allov was 

A»7*803-0*0084619<+0*0000008961<*. 
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The values in Table XIX. indicate that the law will probably hold good for most of 
the three metal alloys. 

There is, however, one of the three metal alloys which we cannot pass over unnoticed, 
namely, that of copper-nickel-zinc or argentan (german silver). This alloy has long 
been used, on account of the small effect which temperature has on its conducting-power, 
for making resistance coils, &c. It is a somewhat curious fact, that the conducting- 
power of this commercial alloy decreases less between 0° and 100® than almost any other 
alloy yet known, for in the coiu'se of this investigation we have only found the following 
which show a smaller percentage decrement in their conducting-power than argentan. 

The conducting-power of the platinum-silver alloy, containing 19*65 volumes per cent, 
platinum, decreases between 0° and 100® 3*10 per cent. 

The conducting-power of the palladium-silver alloy, containing 23*38 volumes per cent, 
palladium, decreases between 0® and 100® 3*40 per cent. 

The conducting-power of the iron-gold alloy, containing 10*96 volumes per cent, iron, 
decreases between 0® and 100° 3*84 per cent. 

The conducting-power of the argentan decreases between 0® and 100® 4*39 per cent. 

III. On a Method by which the Conducting-^mer of a Pure Metal may be deduced from 

that of the Imimre one. 

This part of our subject is an important deduction from the law' 

1^0 • Pc • • ^*100® • ^100® 

for if we consider the two last tei*ms of the proportion, and bear in mind that a small 
amount of another metal has very little or no effect on when it represents the con- 
ducting-power of an alloy containing a very small percentage of the one metal, whereas 
it has a V^ery considerable one on X,oo<>, we may write the proportion 

P .* F : : M,ooo : M',00®, (5) 

w here P and P' represent the observed and calculated percentage decrements in the con- 
ducting-power of the impure and pure metals between 0® and 100°, and M,,*. and M',oo. 
their conducting-powers at 100®. F is for most metals 29*307, or we may express it 
as follows : — 

The percentage decrement in the conducting-power of an impure metal between 0® C. 
and 100® C., is to that of the pure one between 0® C. and 100° C. as the condttetiny-power 
of the impure metal at 100® C. is to that of the pure one at 100® C. 

From the results given in Tables XII. and XIII., we have chosen the following alloys 
to show that a small amount of foreign metal has no infliience on the value which 
may therefore be looked upon as equal to 
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Table XX. 


Alloy. 

Volumes 

Conducting-power at 100^. 


per cent. 

Obserred. 

Calculated. 


Tin-oopper (hard drawn) 

Zinc-copper (hard drawn) 

Gold-oopper (hard drawn) 

Gold-ooppor (hard drawn) 

Platinum-silTer (hard drawn) ... 
Copper-silrer (hard drawn) 

1*41 of Sn 
5*03 of Zn 
1*37 of Cu 
0*71 of Au 
2*51 of Pt 
1*65 of Ag 

48*89 

47*93 

43*85 

62*25 

28 07 
65*81 

69*78 1 

68*13 ; 

55*33 

7054 

69*24 

70*66 

Pure copper oonducU at 100^ 70*27. 

Pure gold eonducto at 100® 55*90. 

Pure copper conducts at 100® 70*27. 
Pure silver conducts at 100® 71*53. 

Pure copper conducts at 100® 70*27. 


If now, as in the case of most commercial metals, the amount of impurity be much 
smaller than that in the Table, then of course its influence on the value X',oo is so small 
that it niay be entirely disregarded. 

In Tables XXI., XXII., and XXIII., we give some results obtained with impure 
metals, the conducting-power of the same metal in a pure state having been previously 
determined. 


Table XXI. 

1 . 

Gold, cootaining traces of silver (hard drawn). 

Length 1564 millims. ; diameter 0*526 millim. 

Conducting-power found before ^ Reduced to 0®. 

heating the wire 69*612 at 10*2 72*056 

Ditto, after being kept at 100® 

for 1 day 70*069 at 10*4 72*578 

Ditto, for 2 dayg 69*274 at 13*8 72*578 


T. 

Conduoting-power. 

iSo 

68*969 

57*5 

60*179 

100*0 

53*387 


X=72*548-.0*24692^+0*0005531^^ 


2 . 

Copper, containing traces of tin (bard drawn). 

Length 2008 millims. ; diameter 0*518 millim. 

Conducting-power found before ^ Reduced to 0® . 

heating tlio wire 88*357 at lx*8 92*503 

Ditto, after being kept at 100® 

for 1 day 88*690 at 12*6 92*786 

Ditto, for 2 ^ys 89*589 at 10*1 92*894 


T. 

Conduct ing-power. 

l1*0 

89*319 

55*5 

76*619 

100*0 

66*863 


Xs:98*912-0*83482^4*0*0007483r^. 


Table XXI. (continued). 

3. 

Copper, containing traces of zinc (hard drawn). 

Lengtii 1992 millims. ; diameter 0*577 millim. 

Conducting-power fouud before , Beduoed to O’. 

heating the wire 81*306 at 1 b*2 86*490 

Ditto, aimr being kept at 100° 

fori day 83*185 at 12*8 86*896 

Ditto, for 2 days 88*021 at 12*8 86725 


T. 

Conducting-power. 

1^*0 

82*960 

56*5 

72*071 

100*0 

63*786 


\=86*719-0*29814t-|-0*000688U°. 


4 . 

Copper, commercial, containing traces of iron, nickel, 
lead, and suboxide of copper (hard drawn). 
Length 2091 millims. ; diameter 0*546 millim. 

Conducting-power found before Beduoed to 0°. 

heating me wire 74*209 at 16‘6 78'023 

Ditto, afmr being kept at 100° 

for 1 day 74*610 at 16*2 78*350 

Ditto, for 2 days 74*568 at 16*8 78*441 

Ditto, for 8 days 74*283 at 18*0 78*427 


T. 

Conduoting-power. | 

ilo 

75*668 

56*0 

66-584 

100*0 

59*351 


\=78*467-0*23896f-t-0<)004780f*. 


2 D 


HDOCOLZIV 
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Table XXI. (continued). 

5 . 

Copper, commercial, containing same impurities as 
No. 3 (hard drawn). 

Length 9246 millinu. ; diameter 0‘540 millim. 

Conduotmg'powar found before . BedacedtoO°. 

heating uie wire 74‘660 at lo'8 78705 

Ditto, after being kept at 100° 

for 1 day 74-958 at 16-4 78-921 

Ditto, for 9 days 74-946 at 16-6 78-958 

Ditto, for 3 daya 74-576 at 18-2 78-958 


T. 

Conducting-power. 

iS-O 

75-979 

56-5 

76-738 

100-0 

59-633 


X = 79-155 - 0-251 66^+0-0006644 A 


6 . 

Copper, commercial, containing traces of lead, iron, 
antimony, and suboxide of copper (hard drawn). 
Length 3010 milUms. ; diameter 0-606 millim. 

Conducting-poworfoundbefore „ Reduced to 0°. 

heating the wire 89-258 at lo-7 94-896 

Ditto, a&r being kept at 100“ 

for 1 dav 89-241 at 17-4 95-118 

Ditto, for 2 days 89-524 at 16-5 95-109 


T. 

Conducting-power. 

1&4) 

91-849 

55-0 

78-402 

100-0 

68-324 


X =95-294 - 0-35289r+0-0008309r*. 


7 - 

Silver, containing traces of lead (hard drawn). 
Length 147.3 millims. ; diameter 0-513 millim. 

Conducting-power found before Reduced to O’. 

heating the wire 64-909 at 13-6 66*997 

Ditto, after being kept at lOtT 

for 1 day 65-957 at 14-6 68-235 

Ditto, for i days 66-404 at 13-6 68-589 

Ditto, for 3 days 66-801 at 11-4 68-599 


T. 

Conducting-power. 

ll4) 

66-548 

564) 

60^264 

100-0 

54-987 


X=;68-499-0-16030f+(H)009588f».. 


Table XXI. (continued). 

8 . 

Silver, containing traces of tin (hard drawn). 
Length 9095 millims. ; diameter 0-579 millim. 

Conducting-power found before - EeduoidtoO*. 

heating uio wire 71*497 at 13-6 73*964 

Ditto, after being kept at 100“ 

for 1 day 79*668 at 13-8 75-287 

Ditto, for 2 days 79735 at 18-7 75-388 


T. 

Conducting-power. 

lU 

72-696 

570 

65-305 

100-0 

59-085 


X = 75-355 - 0- 1 9437f +0-0003167f*. # 


9 . 

Silver, containing traces of gold (hard drawn). 
Length 1780 millims. ; diameter 0-648 millim. 

Conducting-power found before , Reduced to 0“. 

heating the wire 70-847 at 10-4 72-717 

Ditto, after beuig kept at 100“ 

for 1 day 71 -205 at 1 1 -3 73-249 

Ditto, for 2 days 70-961 at 1.3-5 73-389 

Ditto, for 3 days 70-929 at 13-5 73-366 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

li37 

70-763 

70-746 

+04)17 

24-21 

69-036 

69 044 

-0008 

3925 

66531 

66555 

-0-024 

54 43 

64-172 

64-179 

-0007 

69-51 

61-977 

61-954 

+0023 

84 30 

59-923 

59-905 

+0-018 

08-60 

58 028 

58-047 

-0019 


X=73-336-0-18447f+»>0002982<». 


10 . 

Silver, containing minute traces of arsenic (hard drawn). 
Length 1298 millims. ; diameter 0*376 millim. 

Conducting-power found before . Reduced to 0*. 

heating the wire 85*119 at 14*0 88*931 

Ditto, anw being kept at 100^ 

for 1 day 86*795 at 94) 89*985 

Ditto, for 9 days 87*881 at 7-4 89-949 

Ditto, for 8 days 87-091 at 104) 89-869 


T. 

Conducting-power. 

i!o 

87-099 

555 

76-185 

1004) 

67-767 


Xs904)84~0-S8449f+04)006195f*. 








TBMPBBA.TUBB ON THE BUBOTBIO OONDUOTING-POWEH OP ALLOTS. 193 


Table XXIL 





Obsen'ed per- 
centage d^re- 
ment in the con- 

Conducting-power. 

MetaL 


Impurity. 

duedng-power 

between 

0® and 100^. 

Observed at 0*. 

Calculated for 
the pure metal 
atO*. 



Bismuth 

2;'66» 

7-86 

8-53 

Tin ^ 

Conner 

28-71 1 

12*03 

12*39 

Tin 

Silver 

3000 1 

12*39 

11-98 

Gold ^hard drawn) 

Gnld mard drawn! 


Conner 

21-87 1 

26-41 

56*12 

83*11 


Silver - 

72-06 

83*24 

Coppor (hard drawn) 


28*04 

92*50 

98-42 

Copper (hard drawn) 


26*44 

86*49 

99*75 

Copper (hard drawn) 

Gk)ld 

25 90t 

8401 

99*64 

Copper (hard drawn) 

Silver 

26*50t 

89*54 

102-95 

Copper ?hard drawn^ 

rinnrwir Anrd drawn! 

Iron, nickel, lead, and suboxide of copper 

Ditto 

24*36 

24*66 

78-02 

78-70 

94-90 

67-00 

100-43 

99-67 

99-67 

113-64 

Copper ^ard drawi 
Silver (hard drawn] 

“) 

Lead, iron, antimony, and suboxide of copper... 
Lead 

28*30 

10*64 

Silver (hard drawn 


Tin 

21*59 

73-69 

72-72 

80-28 

111-33 

Silver (hard drawn^ 
Silver (hard drawn] 


Gold 

2109 

112-79 

110-39 

112-28 


Copper 

23*17i 

26*51 1 

Silver (hard drawn] 


Copper 

97-71 

88-93 

Silver (hard drawn^ 


Minute traces of arsenic 

24*77 

111-95 




On comparing the values in Table XXII. for the observed and calculated conducting- 
powers, it will be seen that those calculated for the same metal agree very closely with 
each other, whereas those observed vary in some cases more than 20 per cent. From 
Table XXIII. it is evident that the deduced value for the conducting-power of gold and 
silver is much higher than that found by experiment ; on referring, however, to the paper 
on the influence of temperature on the conducting-power of metals (Table XVI.), it will 
be found that the percentage decrement in the conducting-power between 0® and 100® of 

Silver is 28*44 

Copper is ... . 29*69 

Gold is 21*30 

Tin is 29*89 

Lead is 29*61 

Let us now recalculate the deduced conducting-powers, using these Talues i nstead of 
the mean of those found for the pure metals (viz. 29*307), and we arrive at much 
better results. These are shown in Table XXIII. 


Table XXIII. 



Deduced from the 
impure metala. 

Oonducting-power at 0^. 

Deduced finom the 
impure metals, using 
urn obeeired per- 
centage deoranents. 

Obaerved for 
hardslrawn wires. 

Observed for 
annealed wires. 

Lead 

8*33 

8*29 



Tin 

lt-19 

w 9m 


o*fia 

le.KA 

Gold (hard drawn) 

88-17 

Mm VV 

77*96 

79-33 

le oa 

79-20 


lOOKW 

99-83 

102-91 

101-91 

Silver (hard drawn) 

llfrOS 

lOOW 

108-37 

107-43 


♦ Prom Table XXYIL 


t Prom Table Xn. 

2d2 


^ Prom liable XIII* 
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The values in the last column were obtained as follows : take for instance that of 
gold. The mean deduced value (column 1) for its conducting-power at 0° was 83T7, 
under the supposition that the percentage decrement in its conducting-power between 0® 
and 100® was 29*307 ; the percentage decrement, however, found for pure gold was 28*30 ; 
we must therefore recalculate the deduced value to obtain a more concordant one, and 
this may be done with the help of the proportion 


First, 

then 
' ence 


P : F : : M,ooo : Mjo*o 

83*17x70*693 


Mjooo — 


100 


=58*80, 


29*307 : 28*30:: 68*80 :M', 00.; 

Mlooo=66*77, 



and therefore the deduced value at 0® 


56*77x100 

7^7 


79*20. 


Reducing the others in the same manner, we are struck with the coincidence of these 
values with those really found for the annealed wires by experiment ; in fact we must 
assume that the values deduced for the conducting-power of metals are those of the 
nnnealed wires, even when hard-drawn ones are experimented with. What the deduced 
values for the conducting-power would be when using annealed wires of impure metals 
we are unable at present to say, for no determinations have been made in this direction. 
It must be remembered that the effect of annealing on the conducting-power of alloys 
is very small, so that the deduced values from those found for the annealed wires would 
not be very different from those deduced from the hard drawn, assuming, as we have 
done in the former part of this investigation, that the percentage decrement in the con- 
ducting-power between 0° and 100® of hard drawn and annealed is the same. 

Having thus proved that, by using the expression 







we may deduce the conducting-power of the pure metal from the impure one, when the 
observed values do not differ from those calculated by more than 20 to 30 per cent, 
we will now proceed to give the results of some experiments with impure metals where 
the conducting-power of the same metals in a pure state has not yet been determined. 
Tables XXIV. and XXV. contain the results. 
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Table XXIV. 
1 . 


Table XXIV. (continued). 

6 . 


Platinum, commercial (hard drawn). 


Length 371 millinu. ; diameter (H14 millim. 


Condnoting-power found before 

heating the wire 

Ditto, amer being kept at 100^ 

for 1 

Ditto, for 3 days 

Ditto, for 3 days 


Beduoed to (f. 
ll*800atl6-6 11-720 

11-212 at 15-6 14-692 

11 -174 at 16-7 11-687 

11-159 at 16-8 11-647 


T. 

Conducting-power. 

§0 

11-427 

54-5 

10-172 

100-0 

9497 


X = 1 1-708 -0K»1876^+0-00006762^. 


2 . 

Platinum, commercial (hard drawn). 

Length 209 millima. ; diameter 0-243 millim. 

Conducting-power found before . Reduced to CP. 

heating the wire 11-039 at 1/-0 11-527 

Ditto, after being kept at 100* 

for 1 day 1 1-038 at 17-3 11-535 

Ditto, for 2 days 11-022 at 17-6 11-527 


T. 

Conducting-power. 

lf-0 

11-239 

55-0 

10-072 

100-0 

9-141 


X=ll-530-0-02979lr-f-OK)0005827^'. 


S. 

Palladium, commercial (hard drawn). 

Length 167-5 niillime. ; diameter 0-379 millim. 

Conducting-power found before Reduced to 0°. 

heating the wire 13-230 at 18-4 13*991 

Ditto, anier being kept at 100* 

for 1 day 13295 atl7-5 14-022 

Ditto, for 2 days 13-322 at 1 6-9 14 025 


T. 

Conducting-power. 

§-0 

13-645 

54-5 

11-954 

100-0 

10-658 


X = 14-026 -P043225f-f0-00000540f>. 


4 . 

Palladiura, commercial (hard drawn). 

-Length 218 millims. ; diameter 0-409 millinw 

Condttotinff-power found before - Reduced to 0^. 

heating the wire 12-091 at 1 7-2 12-678 

Ditto, after being kept at 100^ 
for 1 day 12-087 at 17*6 12*684 


T. 

0onduoting»powers 

i8o 

12-357 

55-0 

10-978 

lOOKl 

9*818 


Magnesium, commercial. 

Length 717 millims. ; diameter 0-497 millim. 


T. 

Conducting-power. 

iS-0 

34912 

57-5 

30312 

100-0 

26922 


X >=36-825 -0-13252r-|-0-0003349^*. 

6 . 

Magn(«iun (from Mr. E. Sonstadt). 

Length 628 millims. ; diameter 0*436 millim. 

Conducting-power found before . Reduced to 0* . 

heating the wire 38*062 at 11*0 39*662 

Ditto, after being kept at 100° 

for 1 day 37*963 at 12-2 39-735 

Ditto, for 2 days 37*918 at 12*6 39*747 


T. 

Conducting-power. 

iS-0 

37-881 

56-5 

32-442 

100-0 

28 347 


X =39-765 -014971<+0-0003351<». 


7. 


Aluminium, commercial (hard drawn). 

Length 1351 millims.; diameter 0-511 millim. 


Conducting-power found before o 

heating the wire 50-804 at 17*2 

Ditto, amr being kept at 100* 

for 1 day 51 *079 at 16*4 

Ditto, for 2 days 51*146 at 15-7 

Ditto, for 3 days 51-035 at 16*4 


Reduced to 0°. 
54-073 

54210 

54-145 

54-163 


T. 

Conducting-power. 

l§-0 

51910 

56-0 

44-542 

1900 

38-938 

# 



X«s54-225~0-19843r-f0d004556^. 


8 . 

Aluminium, alloyed with 0*5 per cent, nickel 
(hard drawn). 

Length 41^45 millims. ; diameter 0*415 millim. 

Reduced to 0*. 
44*597 at 15-9 46-950 

44- 786 at 15-2 47-043 

45- 044 at 13-6 47*071 


T. 

Conduoting-powers 

ll-O 

57-0 

1004) 

44-986 

39-325 

34-785 


Conducting-power found-before 

beating me wire 

Ditto, after being kept at 100^ 

for 1 day 

Ditto, for 2 days 


Xarl2*704-0<1854424-f(H)0007388<*. 


X =47*071 >.0-15S214-f- 0HX)08087<*. 
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Table XXV. 



Observed percentage 
decrement in the 
o(mduoting*power 
between 0® and 100®. 

. Conducting-power at 0®. 



MetaL 

ObaerrecL 

Caloulated 
for the piire metol. 


Mean. 

Platinum (1) 

91-45 

11*72 

17*79 


18*08 

Platinum (2^. 

so/s 

11*53 

18*28 

J 

Palladium (3) 

2401 

13*99 

18*35 


18*44 

Palladium (4) 

2209 

1268 

18*54 

1 

Magnesium (5) 

26*89 

36*82 

41*50 

] 

44*17 

Magnesium ( 6 1 

28*72 

39*66 

40*85 

j 

Aluminium (7) 

28*19 

64*07 

57*01 

] 

[ 56*06 

AliiTininiiini (8) 

26*10 

46 95 

55*12 

j 


- 



[It is scarcely necessary to add, that in the same manner aa the formul© for the cor- 
rection of conducting-power for temperature may in most cases be deduced where the 
composition and conducting-power of an alloy at any temperature are known, that for 
the correction of the conducting-power for temperature of an impure metal may also be 
calculated, using the conducting-power of the annealed metal for X'o, Xj, X',oo. This is of 
practical importance ; for in testing cojjper wire for telegraphic purposes, the formula for 
the correction of its conducting-power for temperature may be easily deduced, of course 
only in cases where the conducting-power is within the limits^ above stated. It has 
already been elsewhere shown that the conducting-power of commercial metals, copper 
for instance, varies considerably according to the state of its purity. Thus a specimen 
of Rio Tinto copper was found to conduct as follows : — 

Length 398 millims. ; diameter 0*331 milliin. 

Conducting-power found before Beduood to 

beating the wire 13*480 at 16*6 13*682 

Ditto, a&r heating to 100® for 

Iday 13-473 at 16*9 13*386 

Ditto, for 9 daTB 13*442 at 14*9 13*573 

Ditto, for 3 days 13*420 at 15*7 13*558 

DitUs for 4 days 13*418 at 16*0 13*558 


T. 

Conducting-power. 

ll*67 

13*429 

57*33 

13*064 

100*00 

12*713 


X » 13*558^ 0*0088336^4-0*000003844^ 


which corresponds to a percentage decrement of only 6 *23, whereas the conducting-power 
of pure copper decreases between 0® and 100® C. 29*69 per cent — ^Feb. 1864.] 

Table XXYI. contains a list of the conducting-powers of metals in a pure state. 
Those marked with a f are those deduced from the impure metals, and they may be 
called the ^dbahle values for the conducUng-j^owers of annealed wires of the metals. 
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Table XXVI. 


HetaL 

Conduodng-power at 0°. 

Hard drawn. 

Pressed. 

Annealed. 

Silver 

100*00 


108*57 


99*95 


102*21 

Gold!;.:;;;:::::::::::::::;:::::" 

77 96 


79*33 

Aliiminitim , 



5606t 

Magnesium 



41*17t 

Tfjxin 


29-02 


Cadmium 


23*72 


Palladium 



18-44t 

Platinum 


......... 

18*03t 

Cobalt , 



. 17*22t * 

Tron 



16‘81t » 

Nickel 



13*1 It » 

Tin 


12*36 


Tliallium 


9*16 


Lead 


8*23 


Arsenic 


4*76 


Antimony 


4*62 


Bismuth 


1 245 


Gold-silver alloy 

15*03 




IV. Miscellaneom and general remarks. 

Having thus described the results obtained in this investigation, it only remains for 
us to make a few general remarks on them. 

1. The percentage decrement in the conducting-power of alloys between 0° and 100° 
is never greater than that of the pure metals composing them; for on looking at 
Tables XI., XII., and XIII., we only find a few cases where the observed percentage 
decrement is greater than that of the pure metals composing the alloy, and in these the 
differences are so small that they are undoubtedly due to small errors in the observa- 
tions, for the differences between the percentage decrements are not greater than those 
obtained for different wires of the same metal. 

2. The conducting-power of alloys decreases with an increase of temperature. This, 
however, is not strictly true for all alloys, for we already know ctf some where this is 
not the case, viz. a few of the bismuth alloys. The results of our observations are given 
in’ the following Table: — 

Table XXVII. 


fBi Pb|o() , containing i2*87 volumes per cent, bismuth. 

Length 243 millims. ; diameter 0*512 milUm, 

Condnoting* power found before . Beduoed to 0^. 

hee^thewire 7*097 at 14*5 8*090 

Ditto, after being kept at 100° 
ftirldiij 7*715 at 14*1 8*099 


T. 

Oonduoting-power. 

ll-O 

7*608 

57-8 

6-675 

10(H» 

5-860 


X =8-101 -O-OtSOt* f^-fOOOOOSOlM*. 


a%ee(mdaotfiig>powwfliMmdiii . BedoeedtoO*. 

afonOSr reMSMh} was f-OOstSl-O 7*888 


** Philosophical Transactions, 1868.' 
t Ibid. 1860, p. 161. 


8 . 

fBiPbjo, containing 18*85 volumes per cent bismuth. 
Length 122*5 millims. ; diameter 0*873 millim. 

Conduoting-power found before o Reduced to 0°* 

heating Uie wire 4*4167 at 15*8 4*5799 

Ditto, a&r being kept at 100° 

for 1 daj 4^479 at 10*6 4*5586 

Ditto, for 2 daja 4*4378 at 11*5 4*5577 

Ditto, for 3 daja 4*4285 at 12*5 4*5587 


T. 

Oonduoting-power. 

Difference. 

Obserrsd. 

Galoolsted. 

1^07 

4*4040 

4-4006 

+0H)014 

04-87 

4*8040 

4-8064 

-(HW80 

87*06 

4-1760 

4-1776 

-00007 

84*40 

4-0078 

4-0868 

+0-0010 

60*48 

8-8978 

1 8-8961 

+0-0010 

80*88 

8-7864 

8-7869 

+00005 

04*48 

8-6040 

8-6954 

-OOO10 


X ss4*5576«-0*010607^+0*000015684*s 


The oondueting-power found in a ^ Reduced to 0^. 

former reaearon waa 4*85 at 2ir9 4*565 
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Table XXVII. (continued). 


8 . 

fBiPbjt coatainiDg 53*74 Tolutoes per cent, bismuth, 
length 934 millimit. ; diameter 0*643 millim. 


T. 


Conducting-power. 


9^*6 

16-5 

12*5 

13*5 

93*8 

970 

13*8 

10*5 

97*8 

93*8 

11*7 


1*8543 1 
2*0385/ ■■ 

2*0346 

2*0296 5 
1*8539 ‘ 

1*8708 ^ 
2*0683^ 


2*0277 

1*8617 

1*8848^ 

2*0831' 


>1 

>5 


.Ist daj. 
.2nd day. 

3rd day. 


4th day. 


The oonducting-power found in a former reaearoh waa 
2*09 at 2r*2. 


4. 

fBiSug, cuntaining* 35*04 volumes per cent, bismuth 
length 194 millima.; diameter 0*713 millim. 


T. 

Conduoting.power. 

9l*8 

h m 

«'3564 

6*7776^ 30 J 

88*4 

11*6 

7*5 

89*5 

92*9 

30 1 

s-isn* 

12*3 

10*3 

7'60M trdd.,. 


The conducting-power found in a former research waa 
7*83 at 24‘‘*9. 


5. 

f Bi 4 Pb, containing 90*28 volumes per cent, bismuth. 
Length 90*5 millima. ; diameter 0*689 millim. 


T. 


Conducting-power. 


ids 

94*4 

94*1 

13*3 

10*0 

94*6 

13*6 

6*0 

93*8 

940 

9*6 


0*5299 

0*5615 

0*5654 

0*5439 

0*5402 


0*5682 

05437 

0*5413 

0*5686 


0*5682 

0*5430 


h m 

501 

“"I) 

.*) 

0i 
0 

oJ 


>*2 
>0 30 


>1 
>4 

>0 30 


lat day. 


2nd day. 


3rd day. 


The conducting-power found in a former reacarcli was 
0 521 at 20’*0. 


These results need a little explanation ; on the first two series no remarks are neces- 
sary, but on the three last we will say a few words. On experimenting with a wire of 
Bi Pbj we observed nothing remarkable at first, but after making a series of observations 
at different temperatures up to 100°, on cooling the wire the same conducting-power 
was not observed for the same temperature as when heating ; at first we thought this 
was due to the wire being badly soldered, but on resoldering it the same results were 
obtained. In the Table the third series will read thus: at 96°'6 the conducting-power 
waa found 1-8643 ; on cooling rapidly to 16°-6 it was found equal to 2*0386 ; on testing 
it the next morning at 12°*6 it was 2 0346, showing a loss in conducting-power, for it 
ought to have conducted better, as the temperature is lower; on the third morning we 
find it still lower; and on the same day, after being kept at 100° for about ^ hours, . 






TPMPBRATUBB ON THE ELBCTEIC CONDUCTINGkPOWER OP ALLOY3. 199 


it, on being rapidly cooled, was 2*0683 at 12^*8, showing again an increment. On the 
fourth morning, at 10®*6, it was 2*0276, and after being kept for 5 hours af 100® and 
rapidly cooled, it was 2*0887 at 11®*7. There must be, therefore, with some of the 
bismuth alloys, some disturbing cau^, which may act either in the one direction or the 
other, for on investigating the Bi Sug series the opposite effect is produced. This dis- 
turbing cause may be so great that, as in the case of Bi 4 Pb, it appears as if the conduct- 
ing-power increases with an increase of temperature. Other alloys of bismuth and lead, 
rich in bismuth, give the same results. As yet, we have not had time to investigate 
thoroughly this curious property of the bismuth alloys ; we hope, however, to be able 
shortly to do so, as well as explain the reason of these remarkable exceptions to the law, 
that the conducting-power of alloys decreases with an increase of temperature. 

3. Respecting the parts the metals take in the conducting-power of their alloys, we 
are at present unable to give any definite data ; we did hope at one time to have deduced 
them with the help of the results in this memoir. It is scarcely necessary to point out 
that in many cases the composition of the alloy may be deduced from its conducting- 
power in the same manner as it may be from its specific gravity ; for as 

Po:Pc • • ^100® • ^100® > ♦ • (1) 

then if Po and Xjooo be determined. Pc being known (=29*307), X',ooo can be calculated, 
and from it the relative amounts of the component metals for 

, arc+(100— 

^loo* — 100 * 


where x represents the volumes per cent of the one metal, (100— j:) those of the other, 
and c and cf their conducting-power at 100®. 

Thus the observed conducting-power of the gold-silver alloy at 100® is 14*05, and its 
percentage decrement 6*49, 


^100® — 


14*05 X 29*307 


6*49 


:63*45, 


therefore 


7l-56*« + 55*90*(100-») 
63-46= Jog 


5 


765=15*66«, 

48*20=ir. 


The amount of silver in the alloy was 47*92 volumes per cent. Again, the platinum- 
silver alloy, containing 19*65 volumes per cent, platinum, conducts at 100® 6*49, and 
loses in conducting-power between 0® and 100° 3*10 per emit. ; calculating in the same 
manner the percentage amount of silver, we find it equal to 82*67 instead of 80*35. 
The values deduced for the percentage amounts only agree in a few cases well with 
those found by analysis, as slight errors in the determinations materially affect them ; 
for instance, if the conducting-power of the gold-silver alloy were equal to 14*20 at 100° 

* Obserred oonduot^-power of lilver and gold at 100* (Philosophical Transactiona, 1862, p. 24). 
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instead of 14*05, the volumes per cent, of silver deduced from that value would be 
52*62 instead of 48*20, the value calculated from the latter number. 

4. It may be as well to state in a few words how we determine to which class a metal 
belongs, whether to the lead, tin, &c., or to the gold-silver, &c. class ; to do this it is only 
necessary to alloy the metal with traces of lead, tin, &c., and if the conducting-power 
be equal to that of the mean of the components, we say it belongs to the lead class; if, 
on the contrary, the alloy has a lower conducting-power than the mean of the comp6- 
nents, we say it belongs to the gold-silver, &c. class. These are only some of one series 
of alloys which have a higher conducting-power than the mean of their components, 
and these are the amalgams. 

Table XXVIII. shows that the new metal thallium belongs to the gold-silver, &c. 
class. 


Table XXVIII. 

1 . 

Thallium, containing 5 per cent., by weight, tin. 
Length 1S8 millims. ; diameter 0*443 millim. 

Conducting-power found before . Reduced to 0^. 

heating me wire 8*196 at 13*6 8*683 

Ditto, a^ being kept at 100” 

for 1 day 8i31 at 13*6 8*455 

Ditto, for 3 daya 8*097 at 9*8 8*347 

Ditto, for 3 daja 8*111 9*6 8*356 


^ T. 

Conducting-power. 

10*0 

8*100 

55*0 

7*093 

100*0 

f 

6*313 


X=8*855 - 0*036075^-J-0*00005654t». 


Table XXVIII. (continued). 

ft. 

Thallium, containing 6 per cent, by weight, cadmium. 
Length 163 millima ; diameter 0*431 millim. 

Conducting-power found before ^ Reduced to 0^. 

heating the wire 8*670 at 14*4 9*141 

Ditto, aiW being kept at 100” 
fori day 8*744 at 13*8 9*168 


T. 

Conductiog-powor. 

ll*0 

8*737 

56*5 

7*454 

100*0 

6*398 


X =9' 165 - 0*083663/-f 0*00005998/0. 


These alloys were not analyzed, the 5 per cent, of foreign metal being added to the 
thallium fused under cyanide of potassium. From the results it will be seen that they 
both conduct in a lower degree than the mean of their components ; for both cadmium 
and tin conduct better than thallium, the conducting-power at 0® of cadmium being 
23*72, and that of tin being 12*36. 

5. In conclusion, we would point out that the law which we have deduced from our 
experiments only holds good in cases where the alloy may be considered a solution of one 
metal in the other, the metals belonging to the same class ; when the alloy is composed 
of metals of the two classes, then the law no longer holds good (except for a few of the 
alloys), even if the alloy be a solution of the one metal in the other. The results which 
we have obtained and described in this memoir fully bear out the views put forward in 
a former one regarding the chenaical nature of the alloys*. 

• Philosophical Transactions, 1860 , p. 161 . 
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V. On the JUbsarption and Badiation of Heat hy Gaseotis and Liquid Matter, — Fourth 
Memoir. By John Tyndall, Member of the Academes and Societies of 

Holland^ Geneva, Gottingen, 2^fich, Halle, Marburg, Breslau, Upsala, la SociSte 
Philomathique of Paris, Cam, Phil. Soc. &c . ; Professor of Natural Philosophy in 
the Boyal Institution. 


Beceived Juno 18, — Read Juno 18, 1863. 


M- 

The Royal Society has already done me the honour of publishing in the Philoso- 
phical Transactions three memoirs on the relations of radiant heat to the gaseous form of 
matter. In the first of these memoirs* it was shown that for heat emanating from the 
blackened surface of a cube filled with boiling water, a class of bodies which had been 
previously regarded as equally, and indeed, as far as laboratory experiments went, per- 
fectly diathermic, exhibited vast differences both as regards radiation and absorption. 
At the common tension of one atmosphere the absorptive energy of olefiant gas, for 
example, was found to be 290 times that of air, while when lower pressures were 
employed the ratio was still greater. The reciprocity of absorption and radiation on 
the part of gases was also experimentally established in this first investigation. 

In the second inquiryf I employed a different and more powerful source of heat, my 
desire being to bring out with still greater decision the differences which revealed them- 
selves in the first investigation. By carefully purifying the transparent elementary 
gases, and thus reducing the action upon radiant heat, the difference between them 
and the more strongly acting compound gases was greatly augmented. In this second 
inquiry, for example, olefiant gas at a pressure of one atmosphere was shown to possess 
970 times the absorptive energy of atmospheric air, while it was shown to be probable 
that when pressures of ^th of an atmosphere were compared, the absorption of olefiant 
gas was nearly 8000 times that of air. A column of ammoniacal gas, moreover, 3 feet 
long, was found sensibly impervious to the heat employed in the inquiry, while the 
vapours of many of the volatile liquids were proved to be still more opaque to radiant 
heat than even the most powerfully acting permanent gases. In this second investigation, 
the discovery of dynamic radiation and absorption is also announced and illustrated, and 
the action of odours and of ozone on radiant heat is made the subject of experiment. 

* Philosophioal Tnuitaotioi», February 1861 ; and Pbilosophioal Magaiine, September 1861. 
t Philosophioal Transactions, January 1868 ; and Philosophioal Magaaine, October 1862. 
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The third paper* of the series to which 1 have referred was devoted to the exami- 
nation of one particular vapour, which on account of its universal diffusion possesses 
an interest of its own — I mean of course the vapour of water. In this paper I con- 
sidered all the objections which had been uiged against my results up to the time when 
the paper was written ; I replied to each of them by definite experiments, removing 
them one by one, and finally placing, as 1 believe, beyond the pale of reasonable doubt 
the action of the aqueous vapour of our atmosphera In this third paper, moreovdi’, 
the facts established by experiment are applied to the explanation of various atmo- 
spheric phenomena 

I have now the honour to lay before the Royal Society a fourth memoir, containing 
an account of further researches. Hitherto I have confined myself to experiments on 
radiation through gases and vapours which were introduced in succession into the same 
experimental tube, the heat being thus permitted to pass through the same thickness of 
different gases. A portion of the present inquiry is devoted to the examination of the 
transmission of radiant heat through different thicknesses of the same gaseous body. 
The brass tube with which my former experiments were conducted is composed of 
several pieces, which are screwed together when the tube is to be used as a whole ; 
but the pieces may be dismounted and used separately, a series of lengths being thus 
attainable, varying from 2*8 inches to 49*4 inches. I wished, however, to operate upon 
gaseous strata much thinner than the thinnest of these, and for this purpose a special 
apparatus was devised, and with much time and trouble rendered at length practically 
effective. 


Fig. 1. 



The apparatus is sketched in fig. 1. C is the source of heat, which consists of a plate 
of copper against the back of which a steady sheet of fiame is caused to play. The 
plate of copper forms one end of the chamber F (the “ front chamber ” of my former 

memoirs). This chamber, as in my previous investigations, passes through the vessel 

« « 

* Philosophical TransactioiiB, December 1862 ; and Philosophical Magazine, July 1868. 
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V, through which cold water continually circulates, entering at the bottom and escaping 
at the top. The heat is thus prevented from passing by conduction from the source C 
to the first plate of rock-salt S. This plate forms the end of the hollow cylinder A B, 
dividing it from the front chamber F, with which the cylinder A B is connected by 
suitable screws and washers. Within the cylinder A B moves a second one, 1 1, as an 
air-tight piston, and the bottom of the second cylinder is stopped by the plate of rock- 
sidt S'. This plate projects a little beyond the end of its cylinder, and thus can be 
brought into flat contact with the plate S. Fixed firmly to A B is a graduated strip of 
brass, while fixed to the piston is a second strip, the two strips forming a vernier, v v. 
By means of the pinion K, which works in a rack, the two plates of salt may be separated, 
their exact distance apart being given by the vernier. P is the thermo-electric pile with 
its two conical reflectors ; O' is the compensating cube, employed to neutralize the radia- 
tion from the source C. H is an adjusting screen, by the motion of which the neu- 
tralization may be rendered perfect, and the needle brought to zero under the influence 
of the two opposing radiations. The graduation of the vernier was so arranged as to 
permit of the employment of plates of gas yarying from 0*01 to 2-8 inches in thickness. 
They were afterwards continued with the pieces of the experimental tube, already re- 
ferred to, and in this way layers of gas were examined which varied in thickness in the 
ratio of 1 : 4900. 

In my former experiments the chamber F was always kept exhausted, so that the rays 
of heat passed immediately from the source through a vacuum; but in the present 
instance I feared the strain upon the plate S, and 1 also feared the possible intrusion of a 
small quantity of the gas under examination into the front chamber F, if the latter were 
kept exhausted. Having established the fact that a length of 8 inches of dry air exerts 
no sensible action on the rays of heat, 1 had no scruple in filling the chamber F with dry 
air. Its absorption was nil, and it merely had the effect of lowering in an infinitesimal 
degree the temperature of the source. The two stopcocks c and c' stand exactly opposite 
the junction of the two plates of salt S, S' when they are in contact, and when they are 
drawn apart these cocks are in communication with the space between the plates. 

After many trials, the following mode of experiment was adopted : — ^The gas-holder 
containing the gas to be examined was connected by an india-rubber tube with the 
cock the other cock c being at the same time left open. The piston was then moved 
by the screw R until the requisite distance between the plates was obtained. This 
space being filled with dry air, the radiations on the two frees of the pile were equalized, 
and the needle brought to zero. The gas-holder was now opened, and by gentle pressure 
the gas from the holder was forced first through a drying apparatus, and then into the 
space between the plates of salt. The air was quickly displaced, and a plate of the gas 
substituted for it. If the layer of gas possessed any sensible absorbing power, the equi- 
librium of the two sources of heat would be destroyed ; the source C' would triumph, and 
from the deflection due to its preponderance the exact amount of heat intercepted by 
the gas could be calculated. 
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When oxygen, hydrogen, or nitrogen was substituted for atmospheric air, no change 
in the position of the galvanometer-needle occurred ; but when any one of the com- 
pound gases was allowed to occupy the space between the plates, a measurable 
deflection ensued. The plates of rock-salt were not so smooth, nor was their parallelism 
so perfect as entirely to exclude the gas when they were in contact The contact was 
but partial, and hence a stratum of gas sufficient to effect a sensible absorption could 
find its way between the plates even when they touched each other. On this account 
the first thickness in the following Tables was really a little more than 0*01 of an inch. 
The first column in each contains the thickness of the gaseous layer, while the second 
column contains the absorption expressed in himdredths of the total radiation. The 
first layer of carbonic oxide, for example, absorbed 0*2, and the second layer 0*6 per 
cent, of the entire heat. 


Table I. — Carbonic Oxide. 


Thickness of gas. 

Absorption in 
hundredths of the 
total radiation. 

Thickness of gas. 

Absorption in 
. hundredths of the 
total radiation. 

0*01 of an inch 

... 0*2 

0'4 of an inch 

... 3*6 

0*02 

5 ? 

... 0-5 

0-5 

op 

• 

• 

• 

003 

51 

... 0-7 

0-6 „ 

... 4-0 

0-04 

55 

... 0-9 

10 

... 51 

0*06 

51 

... 1-4 

IS 

... 6*1 

0-1 

11 

... 1-6 

2-0 

CO 

CO 

• 

• 

0*3 

51 

. . . 3*0 




Table II. — Carbonic Acid. 


Thickness 

of gas. 

Absorption in 
hundredths of the 
total radiation. 

Thickness of gas. 

Absorption in 
hundredths of the 
total radiation. 

0*01 of an inch 

. . . 0-86 

0-4 

of an inch 

CO 

hb 

• 

• 

• 

0-02 

11 

... 1-2 

0-5 

55 

... 5-7 

003 

15 

... 1-5 

0*6 

55 

... 5-9 

004 

15 

... 1-9 

0-7 

51 

... 6-0 

005 

11 

... 2-1 

0-8 

51 

... 61 

0-06 

11 

... 2*3 

0-9 

15 

... 6-2 

0*1 

15 

. . . a-3 

10 

55 

... 6-3 

0-2 

55 

... 4*1 

I 1*5 

15 

... 7-0 

0-3 

55 

... 4-8 

2*0 

55 

... 7*6 
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Table III. — ^Nitrous Oxide. 


• 

Thickness of gas* 

Absorption in 
hundredths of the 
total radiation. 

Thickness of gas. 

Absorption in 
hundredths of the 
total radiation. 

0*01 

of an inch 

. . . 1-48 

0*4 of an inch 

. . . 10*20 

0*02 

99 

. . . 2*38 

0*5 

. . . 11*00 

0*08 

99 

. . 3-80 

0*6 

. . . 11*70 

0*04 

99 

. . 4 00 

0*8 

. . . 12*17 

0*05 

99 

. . . 4-20 

10 

. . . 12*80 

0*1 

99 

. . . 6 00 

1*6 

. . . 14*20 

0*2 

99 

. . . 7-77 

2-0 

. . . 15*7 



Table IV. — Olefiant Gas. 


Thickness of gas. 

Absorption in 
hundredtiis of the 
total radiation. 

Thickness of gas. 

Absorption in 
hundredths of the 
total radiation. 

0*01 of an inch 

. . . 1*80 

0*6 of an inch 

. . . 23*30 

0*02 

99 

, . . 3 08 

10 „ 

. . , 26*33 

0*06 

99 

. . . 6*37 

20 „ 

. . . 32*80 

0*1 

44 

. . . 9*14 




We here find that a layer of olefiant gas only 2 inches in thickness intercepts nearly 
33 per cent, of the radiation from our source. Supposing our globe to be encircled by 
a shell of olefiant gas only 2 inches in thickness, this shell would offer a scarcely 
sensible obstacle to the passage of the solar rays earthward, but it would cut off at least 
33 per cent of the terrestrial radiation and in great part return it Under such a canopy, 
trifling as it may appear, the surface of the earth would be kept at a stifiing temperature. 
The possible influence of an atmospheric envelope on the temperature of a planet is 
here forcibly illustrated. 

The only vapomr which I have examined with the piston apparatus is that of sulphuric 
ether. Glass fragments were placed in a U-tube and wetted with the ether. Through 
this tube dry air was gently forced, whence it passed, vapour-laden, into the space 
between the rock-salt plates S S'. The following Table contains the results. 


Table V. — ^Air saturated with the Vapour of Sulphuric Ether. 


lliiokness of vapour. 


0*06 of an inch 
0*1 
0*2 
0*4 




Absorption in 
hundredths of the 
total radiation. 

. 2*07 
. 4*6 
. 8*7 
. 14*3 


Thijjl^ess of vapour, 

0*8 of an inch 
1-6 „ 

20 „ 


Absorption in 
hundredths of the 
total radiation. 

. 210 

. 34*6 

. 351 


99 



206 


PBOFE8SOB TINDALL ON THE ABSOBPTION AND 


Comparing these results with those obtained with olefiant gas, we find for thick* 
nesses of 0'05 of an inch and 2 inches respectively the following absorptions 
Olefiant gas. Sulphuric ether. 

Thickness of 0*05 . . . 6*37 Thickness of 0*06 . . . 2*07 

Thickness of 2 inches . . 32*80 Thickness of 2 inches . . 85*1 

Sulphuric ether vapour, therefore, commences with an absorption much lower than 
that of olefiant gas, and ends with a higher absorption. This is quite in accordance 
with the result established in my second memoir*, that in a short tube the absorption 
effected by the sparsely scattered molecules of a vapour may be less than that of a gas at 
a tension of an atmosphere, while in a long tube the gas may be exceeded by the 
vapour. The deportment of sulphuric ether indicates what mighty changes of climate 
might be brought about by the introduction into the earth’s atmosphere of an almost 
infinitesimal amount of a powerful vapour. And if aqueous vapmr can be shown to be 
thus powerful, the effect of its withdrawal from our atmosphere may be inferred. 

4 2 . 

The experiments with the piston apparatus being completed, greater thicknesses of 
gas were obtained by means of the composite brass experimental tube already referred 
to. The arrangement adopted was, however, peculiar, being expressly intended to check 
the experiments, which were for the most part made by my assistants. The source of 
heat and the front chamber remained as usual ; a plate of rock-salt dividing, as in my 
previous investigations, the front chamber from the experimental tube. The distant end 
of the tube was also stopped by a plate of salt ; but instead of permitting the tube to 
remain continuous from beginning to end, it was divided, by a third plate of rock-salt. 



, into two air-tight compartments. Thus the rays of heat from the source had to pass 
through three distinct chambers, and through three plates of salt. The first chamber 


* Philosophical Transactions, Part 1. 1862 ; and Philosophical Magazino, vol. xxit. p. 343. 
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was always kept filled with perfectly dry air, while either or both of the other chambers 
could be filled at pleasure with the gas or vapour to be examined. For the sake of 
convenience I will call the compartment of the tube nearest to the front chamber the 
jint chamber, the compartment nearest to the pile the second chamber; the term 
‘ front chamber’ being, as before, restricted to that nearest to the source. The arrange- 
ment is sketched in outline in fig. 2. 

The entire length of the tube was 49*4 inches, and this was maintained throughout the 
whole of the experiments. The only change consisted in the shifting of the plate of salt 
S' which formed the partition between the first and second chambers. Commencing with 
a first chamber of 2*8 inches long, and a second chamber 46*4 inches long, the former was 
gradually augmented, and the latter equally diminished. The experiments were executed 
in the following manner : — The first and second chambers were thoroughly cleansed and 
exhausted, and the needle brought to zero by the equalization of the radiations falling 
upon the opposite faces of the pile. Into the first chamber the gas or vapour to be 
examined was introduced, and its absorption determined. The first chamber was then 
cleansed, and the gas or vapour was introduced into the second chamber, its absorption 
there being also determined. Finally, the absorption exerted by the two chambers 
acting together was determined, both of them being occupied by the gas or vapour. 

The combination here described enabled me to check the experiments, and also to trace 
the influence of the first chamber on the quality of the radiation. In it the heat was 
more or less sifted, and it entered the second chamber deprived of certain constituents 
which it possessed on its entrance into the first. On this account the quantity absorbed 
in the second chamber when the first chamber is full of gas, must always be less than it 
would be if the rays had entered without first traversing the gas of the first chamber. 
From this it follows that the sum of the absorptions of the two chambers, taken sepa- 
rately, must always exceed the absorption of the tube taken as a whole. This may be 
briefly and conveniently expressed by saying that the sum of the absorptions exceeds the 
absorption of the sum. 

Table VI. — Carbonic Oxide. 

Length. Absorption per 100. 


r 

1st Chamber. 

2nd Chamber. 

f 

1st Chamber. 

2nd Chamber. 

A 

Both Chambers. 

2-8 

46-6 

6-8 

12-9 

12*9 

80 

41-4 

9*6 

122 

12*9 

12-2 

37-2 

10-7 

12*2 

12*9 

16-4 

840 

10-9 

‘ 12*2 

13*4 

17-8 

81-6 

111 

12*0 

13*3 

86*8 

13a 

12-6 

10*3 

13*4 


2 F 
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Table VII.— -Carbonic Add. 



Lengfli. 


Absorption per 100. 

A 

r - - — ^ ^ N 

1st Chamber. 2nd Chamber. 

fst Chamber. 

2nd Chamber. 

Both Chambers? 

2-8 

46-6 

8*6 

13*8 

18-3 

8-0 

41-4 

9-9 

12-7 

130 

12*2 

37-2 

110 

11-4 

130 

16-4 

340 

11*8 

121 

13-9 

23*8 

26-6 

11-7 

11*4 

13-1 

23-8 

25-6 

11*2 

11-2 

12-6 

23-8 

26-6 

10*4 

10-6 

120 

36-3 

131 

11-6 

100 

12-3 


Various causes have rendered these experiments exceedingly laborious. Could I hate 
procured a sufficiently large quantity of gas in a single holder for an entire series of 
experiments it would not have been difficult to obtain concurrent results, but the slight 
variations in quality of the same gas generated at different times tell upon the results and 
render perfect unifoimity extremely difficult to obtain. The approximate constancy of 
the numbers in the third column is, however, a guarantee that the determinations are 
not very wide of the truth. Irregularities, however, are revealed. Some remarkable ones 
occur in the case of carbonic acid, with the chambers 23*8 and 25*6 ; the absorptions in 
the first chamber varying in this instance from 11*7 to 10*4, and in the second chamber 
from 11'4 to 10*5, and in both chambers from 13*1 to 12*0. The gas which gave the 
latest of these results was generated from marble and hydrochloric acid ; the next was 
obtained from chalk and sulphuric acid, and the gas which gave the smallest result was 
obtained from bicarbonate of soda and sulphuric acid. The slight differences accom- 
panying these different modes of generation made themselves felt in the manner recorded 
in the Table. 

Table VIII. — Nitrous Oxide. 


Length. 

^ A ^ 

Ist Chamber. 2nd Chamber. 


2-8 46-6 

12*2 37-2 

16- 4 34 0 

17- 8 31-6 


Absorption per 100. 

^ A ^ 

Ist Chamber. 2nd Chamber. Both Chambers. 

161 32-9 33*9 

231 30-0 320 

23-6 29*6 320 

26-2 29-6 32-7 


The differences arising from different modes of generation are most strikingly illus- 
trated by the powerful gases. My friend Dr. FbanklaiVd, for example, was kind enough 
to superintend for me the formation of a large holder of olefiant gas by the so-called 
“continuous process,” in which the mjpmr of alcohol is led through sulphuric acid 
diluted with its own volume of water ; the following results were obtained : — 
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Table DL^-Olefiaat Geb. 


Len^. 


Ist Chamber. 2iid Chamber. 


2*8 46*6 

8-0 41-4 

16-4 34-0 


r — — — — — 
Lrt Chamber. 

,34-6 

44-2 

53*6 


Abaorptum par 100. 

T 

2nd Chamber. Both Chambem. 


66*1 67*7 

65-3 67-5 

62*3 670 


Considering the difficulty of the experiments, the agreement of the absorption of 
both chambers, the sum of which was the constant quantity 49*4 inches, must be re- 
garded as satisfactory. This is the general character of the results as long as we adhere 
to the same gas. Olefiant gas generated by mixing the liquid alcohol with sulphuric acid 
and applying heat to the mixture, gave the results recorded in the following Table : — 


Table X. — Olefiant Gas. 

Length. Absorption per 100. 


f 

1st Chamber. 

2nd Chamber. 

r 

1st Chamber. 

2nd Chamber. 

Both Chambers. 

12*2 

37*2 

54*8 

70*0 

76-3 

15*4 

34*0 

591 

72*7 

77-1 

f 

19*8 

29*6 

67*8 

70*4 

77*0 

23*8 

25*6 

69*2 

70*2 

77*6 

36*3 

13*1 

72*8 

60*3 

78*8 


The absorptions of both chambers in this Table are almost eSxactly 10 per cent, higher 
than those found with the gas generated under Dr. Feanklaeb’s superintendence. 

A few remarks on these results may be introduced here. In the case of carbonic oxide 
(Table VI.), we see lhat while a length of 2*8 inches of gas is competent, when acting 
alone, to intercept 6*8 per cent, of the radiant heat, the cutting off of this length from 
a tube 49*4 inches long, or, what is the same, the addition of this length to a tube 46*6 
inches long, makes no sensible change in its absorption. The second chamber absorbs as 
much as both. The same remark applies to carbonic acid, and it is also true within the 
limits of error for nitrous oxide and olefiant gas. Indeed it is only when 8 inches or 
more of the column have been cut away that the difference begins to make itself felt. 
Thus, in carbonic oxide, the absorption of a length of 41*4 being 12*2, that of a chamber 
49*4, or 8 inches longer, is only 12*9, making a difference of only 0*7 per cent., while 
tho same 8 inches acting singly on the gas produces an absorption of 9*6 per cent. So 
also with regard to carbonic acid; a tube 41*4 absorbing 12*7 per cent., a tube 49*4 
absorbs only 13*0 per cent. — making a difference of only 0*3 per cent. As regards olefiant 
gas (Table IX.), while a distance of 8 inches acting singly effects an absorption of 44 per 
cent., the addition of 8 inches to a tube already 41*4 inches in length raises the absorp- 
tion only frQih 66*3 to 67*6, or 2*2 per cent. The reason is plain. In a length of 41*4 
the rays capable of being absorbed by the gas are so much diminished, so few in feet 
remain to be attacked, that an additional 8 inches of gas produces a scarcely sensible 
effect. Similar considerations explain the feet, that while by augmenting the length of 

2r2 
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tlie first chamber from 2*8 inches to 15*4 inches we increase the absorption of olefiant gas 
nearly 20 per cent, the shortening of the second chamber by precisely the same amount 
effects a diminution of barely 4 per cent, of the absorption. All these results conspire to 
prove the heterogeneous character of the radiation from a source heated to about 260° C. 

The sum of the absorptions placed side by side with the absorption of the sum ex- 
hibits the influence of sifting in an instructive manner. Tables VI., VII., VIII., IX., 
and X., thus treated, give the following comparative numbers : — 

Table XI. — Carbonic Oxide. 


Xength of Chamlion. 

2-8 46-6 

Sum of Absorptions. 

19*7 

Absorption of Sum. 

12*9 

8*0 

41*1 

21*8 

12*9 

12*2 

37*2 

22-9 

12*9 

15*4 

34*0 

231 

13*4 

17*8 

31*6 

23T 

13*3 

36*3 

131 

22-9 

13*4 



Means 22*3 

13*1 


Table XII. — Carbonic Acid. 

Length of Chambers. 

2*8 46*6 

Sum of Absorptions. 

22*4 

Absorption of Sum. 

13*3 

80 

41-4 

22*6 

13*0 

12*2 

37-2 

22*4 

13*0 

15*4 

340 

23*9 

13'9 

23*8 

25-6 

231 

13*h 

36*3 

131 

21*6 

12*3 


. 

Means 22*6 

13*1 


Table XIII. — Nitrous Oxide. 

Length of 
28 

Chambers. 

46-6 

Sum of Absorptions. 

49*0 

Absorption of Sum. 

33*9 

12*2 

37*2 

531 

32*0 

15*4 

340 

53*2 

32*0 

17*8 

31-6 

65*8 

32*7 



Means 52*8 

32*7 


Table XIV. — Olefiant Gas. 


Length of Chambers. 

2*8 46*6 

Sum of Absorptions. 

100*7 

Absorption of Sum. 

67*7 

80 

41*4 

109*5 

67*6 

12*2 

37*2 

109*4 

66*0 

15*4 

340 

115*9 

67*0 



Means 108*9 
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Table XV. — Olefiant Gas. 


Length 

of Chambenr. 

Sum of Absorptions. 

Absorption of Sum. 

12-2 

37*2 

124*8 

76*3 

16-4 

34-0 

131*8 

77*1 

19-8 

29-6 

138*2 

77*0 

23-8 

26-6 

139*4 

77*6 

36*3 

13*1 

133*1 

78*8 



Means 133*4 



The conclusion that the sum of the absorptions is greater than the absorption of the 
sum is here amply verified. The Tables also show that the ratio of the sum of the 
absorptions to the absorption of the sum is practically constant for all the gases. 
Dividing the first mean by the second in the respective cases, we have the following 


quotients 

Carbonic oxide 1*70 

Carbonic acid 1*72 

Nitrous oxide 1*61 

Olefiant gas (mean of both) 1*68 


The sum of the absorptions ought to be a maximum when the two chambers are of 
equal length. Supposing them to be unequal, one being in excess of half the length of 
the tube, let us consider the action of this excess singly. Placed after the half-length, it 
receives the rays which have already traversed that half; placed after the shorter length, 
it receives the rays which have traversed the shorter length. In the former case, there- 
fore, the excess will absorb less than in the latter, because the rays in the former case 
have been more thoroughly sifted before the . heat reaches the excess. From this it 
is clear that, as regards absorption, more is gained by attaching the excess to the short 
length of the tube than to the half-length ; in other words, the sum of the absorptions, 
when the tube is divided into two equal parts, is a maximum. This reasoning is approxi- 
mately verified by the experiments. Supposing, moreover, one of the lengths constantly 
to diminish, we thus constantly approach the limit when the sum of the absorptions and 
the absorption of the sum are equal to each other, the former being then a minimum. 
The effect of proximity to this limit is exhibited in the first experiment in each of the 
series ; here the lengths of the compartments are very unequal, and the sum of the 
absorptions is, in general, a minimum. 

After the absorption by the permanent gases had been in this way examined, I passed 
on to the examination of vapours. They were all used at a common pressure of 0*5 of 
an inch of mercury, or about ^th of an atmosphere. The liquid which yielded the 
vapour was enclosed in the flasks described in my previous memoirs, and the pure 
vapour was allowed to enter the respective compartments of the experimental tube 
without the slightest ebullition. The following series of Tables contains the results thus 
obtained. 
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Table XVl. — ^Bisulphide of Carbon. Pressure 0*5 of an inch. 



LengUk. 


Absorptira per lOQ. 


r s 

1st Chamber. 2nd Chamber. 

r 

Ist Chamber. 

2nd Chamber. Both Chambers. 

2*8 

46*6 

3*6 

7*6 

7*6 

8*0 

41*4 

4*4 

7*3 

7*6 

16*4 

34*0 

5*7 

6*0 

7*5 

17*8 

31*6 

5*8 

6*4 

7*5 

23*8 

25*6 

6*7 

6*0 

7*8 


Table XVII.— 

-Chloroform. Pressure 0*5 of an inch. 



’ Length. 


Absorption per 100. 

^ 


r \ 

Ist Chamber. 2nd Chamber. 

r 

1st Chamber. 

2nd Chambor. Both Chambois. 

2*8 

46*6 

5*5 

15*9 

16*3 

8*0 

41*4 

9*2 

15*6 

16*8 

12*2 

37*2 

10*5 

14*8 

17*1 

15*4 

340 

11*6 

14*1 

16*9 

23-8 

25*6 

16*0 

14*0 

18*4 

36*3 

13*1 

15*6 

10*9 

17*2 


Table XVIII. — ^Benzol. Pressure 0*6 of an inch. 



Length. 

A 


Absorption ptir 100. 




f ^ 

Ist Chamber. 2nd Chamber. 

t 

* Ist Chamber. 

2nd Chamber. Both Chambers. 

2*8 

46*6 

4*0 

20*0 

20*6 

8*0 

41*4 

8*4 

17*3 

20*4 

12*2 

37*2 

9*8 

16*5 

19*0 

17*8 

31*6 

11*9 

15*7 

20*1 

23*8 

25*6 

14*3 

15*1 

21 0 


Table XIX. — Iodide of Ethyl. .Pressure 0*5 of an inch. 


Length. 

- 


Absorption jior 100. 


Ist Chamber. 2nd C’hamber. 

r 

Ist Chamber. 

r ^ 

2nd Chamber. Both Chambers. 

2*8 

46*6 

7*1 

23*5 

25*4 

8*0 

41*4 

9*1 

21*1 

23*3 

12-2 

37*2 

12*8 

20*5 

25*2 

15*4 

34*0 

14*6 

20*8 

25*2 

17*8 

31*6 

15*8 

20*0 

25*6 


Table XX.- 

-AlcohoL Pressure 0*5 of an inch. 



Length. 


Absorption per 100. 


Ist Chamber. 2nd Chamber. 

/ 

Ist Chamber. 

2nd Chamber. Both Chambers? 

2*8 

46*6 

11*7 

46*1 

46*1 

8*0 

41*4 

18*5 

43*6 

47*0 

12*2 

37*2 

26*0 

44*1 

47*5 

15*4 

34*0 

32*1 

41*1 

47*0 

17*8 

31*6 

32*4 

40*0 

47*6 
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Tablb XXI.—- Alcohol. Fieasoxe 0*1 of aa inch. 



Length. 

A. 


Abseiptiaii per 100. 

^ 

Iflt Chamber. 2nd Chamber. 

fat Chamber. 

2nd Chamber. 

Both Chamben. 

80 

41-4 

8*0 

22*2 

24-9 

16*4 

340 

12*1 

20*0 

24-7 

17*8 

31 '6 

13*1 

19-7 

26-7 

23*8 

26-6 

14*8 

18-4 

26-2 

36*3 

131 

19*1 

13-8 

26-1 


* 

Table XXII. — Sulphuric Ether. Pressure 0*5 of an inch. 


Length. 


Absorption per 100. 

< — — ^ 
Ist Chamber. 2nd Chamber. 

r 

let Chamber. 

2nd Chamber. 

Both Chambers. 

2*8 

46'6 

14*8 

500 

51*6 

8*0 

41-4 

23-9 

510 

53*9 

12*2 

372 

30*9 

48*8 

53*6 

16*4 

34-0 

34*0 

47*8 

53*1 


Table XXIll.- 

-Acetic Ether. Pressure 0 5 of an inch. 


Length. 


Absorption per 100. 

A. 

r ^ 

let Chamber. 2nd Chamber. 

f ' y ' 

1st Chamber. 

2nd Chamber. 

Both Chambers. 

2-8 

46*6 

170 

60-2 

62-9 

80 

41*4 

30-7 

58*1 

64*6 

12*2 

37*2 

41-6 

55*1 

64*2 

15*4 

34*0 

44-4 

55*5 

62-4 

23*8 

26-6 

50*9 

52-7 

64*7 

36-3 

131 

58*1 

42*6 

64*8 


Table XXIV.— 

Formic Ether. Pressure 0*5 of an inch. 


Length. 


Absorption per 100. 







/> ^ 

let Chamber. 2nd Chamber. 

r 

Ist Chamber. 

2nd Chamber. 

. . n -1 ■ 1 11 ^ 

Both Chambers. 

2*8 

46-6 

17-4 

63*0 

64*4 

8*0 

41-4 

33-3 

59*1 

63-4 

17*8 

31-6 

400 

48*4 

60-3 

23*8 

26-6 

45'6 

47*2 

60*2 


I have already compared the sum of the absorptions for gases with the absorption of 
the sum ; in the following Tables the same comparison is made for the vapours. 
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Table XXV.— Bisulphide of Carbon, 0*6 inch. 


Length of Chambers. 

Sum of Absorptions. 

Absorption 

2*8 

46-6 

11-2 

7*6 

80 

41-4 

11-7 

7*6 

15*4 

340 

11-7. 

7*5 

17-8 

31*6 

12-2 

7*5 

23-8 

25-6 

12-7 

7-8 



Means 11 '9 

7*6 


Table XXVI. — Chloroform, 0*5 inch. 

Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2-8 

46*6 

21-4 

16*3 

8-0 

41-4 

24-8 

16*8 

12-2 

37-2 

25-3 

17*1 

15-4 

340 

25-2 

16*9 

23*8 

25-6 

290 

18*4 

36-3 

131 

26-6 

17*2 



Means 26*36 

17*1 


Table XXVII.— Benzol, 0*5 inch. 

Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum 

2*8 

46*6 

24*0 

20*6 

80 

41-4 

25*7 

20*4 

12-2 

37-2 

26*3 

19*0 

17-8 

31-6 

27*6 

20*1 

23-8 

25-6 

29*4 

21*0 



Means 26*6 

20*2 

Table XXVIII. — Iodide of Ethyl, 0*6 inch. 

Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2-8 

46-6 

30*6 

25*4 

8B 

41-4 

30*2 

23*3 

12*2 

37-2 

33*3 

26*2 

15-4 

340 

35*4 

26*2 

17*8 

31-6 

35*8 

26*2 



Means 33*1 
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Table XXIX. — Alcohol, 0*5 inch. 


Length 

of Chambers. 

Born of Absorptions. 

Absorption of Sum. 

2*8 

46*6 

67*8 

46*1 

8*0 

41*4 

62*1 

47*0 

12*2 

37*2 

70*1 

47*6 

16*4 

34*0 

73*2 

47*0 

17*8 

31*6 

72*4 

47*6 



Means 67*1 

4^ 


Table XXIX. — ^Alcohol, 0*1 inch. 


Length 

of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

8*0 

41*4 

30*2 

24*9 

16*4 

34*0 

32*1 

24*7 

17*8 

31*6 

32*8 

26*7 

23*8 

26*6 

33*2 

26*2 

36*3 

13*1 

32*9 

26*1 


Means 32-2 25*1 


Table XXXI. — Sulphuric Ether, 0*6 inch. 


Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2*8 

46*6 

64*8 

61*6 

8*0 

41*4 

74*9 

63*9 

12*2 

37*2 

79*7 

63*6 

16*4 

34*0 

81*8 

63*1 



Means 76*3 

53*06 


Table XXXII. — ^Formic Ether, 

0*6 inch. 

Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2*8 

46*6 

80*4 

64*4 

8*0 

41*4 

82*4 

63*4 

17*8 

31*6 

88*4 

60*3 

23*8 

26*6 

92*8 

60*2 



Means 86*0 

62*07 


2 G 


MDCCCLZiy. 
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Table XXXIIL— Acetic Ether, 0*6 inch. 


Length 

of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2-8 

46*6 

77*2 

62-9 

80 

41-4 

88-8 

64-6 

12-2 

37*2 

96-7 

64*2 

16-4 

340 

99-9 

62-4 

23*8 

25*6 

103-G 

64-7 

36-3 

131 

100-7 

64-8 



Means 94*5 

63-9 


An inspection of the foregoing Tables discloses the fact that, in the case of vapours, 
the difference between the sum of the absorptions and the absorption of the sum is, in 
general, less than in the case of gases. This resolves itself into the proposition that for 
equal lengths, within the limits of these experiments, the sifting power of the gas is 
greater than that of the vapour. The reason of this is that the vapours are examined 
in a state of tenuity which is only possessed by the gases. Thus, no matter 

how powerful the individual molecules may be, their distance asunder renders a thin 
layer of them a comparatively open screen. 

§ 3. 

The entrance of a gas into an exhausted vessel is accompanied by the generation 
of heat ; and the gas thus warmed, if a radiator, will emit the heat generated. Con- 
versely, on exhausting a vessel containing any gas, the gas is chilled, and thus an 
external body, which prior to the act of exhaustion possessed the same temperature as 
the gas within the vessel, becomes, on the first stroke of the pump, a warm body with 
reference to the gas remaining in the vessel ; and if the external body be separated from 
the cooled gas by a diathermic partition, it will radiate into the gas and become chilled 
by this radiation. It was shown in my second memoir* that this mode of waiming 
and of chilling a gas or vapour furnished a practical means of determining, without any 
source of heat external to the gaseous body itself, both its radiative and absorptive 
energy. For the sake of convenience I have called the radiation and absorption of a 
gas or vapour thus dynamically heated and cooled, dynamic radiation and. dynamic 
absorption. 

In illustration of the manner in which dynamic radiation may be applied in researches 
on radiant heat, I have had made, during the last half-year, a considerable number of 
experiments, some of which I will here describe. In the first place, the experimental 
tube was divided into two compartments, as in the experiments described in the fore- 
going section. The source of heat was abolished, and one end of the experimental tube 
was stopped by a plate of polished metal ; the other end was stopped by a transparent 
plate of rock-salt, while the space between the ends was divided into two compartments 

• Philosophical Transactions, Part 1. 1802j and Philosophical Magaaiuc, toI, xxir, p. 337. 
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by a second plate of rock-salt. The thermo-electric pile occupied its usual position at 
the end of the tube, the compensating cube, however, being abandoned. For the sake 
of convenient reference, I will call the compartment of the tube most distant from the 
pile, the first chamber, and that adjacent to the pile, the second chamber. An outline 
sketch of the arrangement is given in fig. 3. 


Fig. 3. 



The experiments were conducted in the following manner:— Both compartments 
being exliausted and the needle at zero, the gas was allowed to enter the first chamber 
through a gauge-cock which made its time of entry 40 seconds. The second chamber 
was preserved a vacuum ; the gas on entering the first chamber was dynamically heated, 
and radiated its heat to the pile through the vacuous second chamber; the needle 
moved and the limit of its excursion was noted. The first chamber was then exhausted 
and carefully cleansed with dry air. The second chamber was filled with the same 
gas, not with a view to determine its dynamic radiation, but to examine its effect 
upon the heat radiated from the first chamber. The needle being at zero, the gas was 
again permitted to enter the first chamber exactly as in the first experiment, the only 
difference between the two experiments being, that in the first the heat passed through 
a vacuum to the pile, while in the second it had to pass through a column of the same 
kind of gas as that from which it emanated. In this way the absorption exerted by 
any gas upon heat, radiated from the same gas, or from any other gas, may be accu- 
rately determined. Finally, the apparatus being cleansed and the needle at zero, the 
gas was permitted to enter the second chamber, and its dynamic radiation from this 
chamber was determined. The intermediate plate of salt S' was shifted, as in the former 
experiments, so as to alter the lengths of the two chambers, but the sum of both 
lengths remained constant as before. 

In the following Tables the three columns bracketed under the head of “ Deflection,” 
contain the arcs through which the needle moved in the three cases mentioned ; 1®, 
when the radiation from the gas in the first chamber passed through the empty second 
chamber ; 2®, when the radiation from the first chamber passed through the occupied 
second chamber ; and 3®, when the radiation proceeded from the second chamber. 

2o2 
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IMpumic BadioHm of Oases, 

Table XXXIV. — ^Carbomc Oxide. 

L flii g tTi . Doflcctioxi. 


/ ^ ' \ 

let Chamber. 2ad Chamber. 

r 

By Ist Chamber. 
2nd Chamber 
empty. 

By 1st Chamber. 
Gas in 

2nd Chamber. 

: , 

By 2nd Chamber. 

2-8 

46-6 

O 

10 

8-0 

2§-0 

16-4 

34-0 

3-8 

21 

24-4 

36-3 

131 

13-7 

6*3 

16-6 


Table XXXV. — Carbonic Acid. 


Length. 

A 



Deflection. 


r ^ 

Ist Chamber. 2nd Chamber. 

r 

By 1 st Chamber. 
2ud Chamber 
empty. 

By 1 st Chamber. 
Gas in 

2nd Cfliamber. 

By 2nd Chamber. 

2-8 

46'() 

O 

10 

6o 

33-6 

15-4 

34-0 

3*7 

1-25 

23-3 

36-3 

13-1 

16-8 

G-6 

17-6 


Table XXXVI. — Nitrous Oxide. 


Length. 

A 



Deflection. 


^ 

Ist Chamber. 2nd Chamber. 

f 

By Ist CTiamber. 
2nd Chamber 
empty. 

By Ist Chamber. 
Gas in 

2nd Chamber. 

By 2nd Chamber. 

2-8 

46'6 

O 

10 

6-2 

44*5 

16-4 

34*0 

4-3 

1-2 

31*7 

36*3 

131 

19*5 

6-2 
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Table XXXVIL—Olefiant Gas. 


Length. 

A 



Deflection. 


r 

Ist Chamber. 2ud Chamber. 

c 

By 1 st Chamber. 
2nd Chamber 
empty. 

By 1st Chamber. 
Gas in 

2nd Chamber. 

By 2nd Chamber. 

i- 

15-4 

34 0 

ii-9 

io 

68-0 

23-8 

250 

22-8 

30 


36-3 

131 

690 

10-4 

eoe 


The gases, it will be observed, (jxhibit a gradually increasing power of dynamic radia- 
tion from carbtmic oxide up to olefiant gas. This is most clearly illustrated by refer- 
ence to the results obtained in the respective cases with the first length of the second 
chamber. They are as follows : — 
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Carbonic oxide 28*0 

Carbonic acid 33*6 

Nitrous oxide 44*5 

Olefiant gas 68*0 


Its proximity to the pile, and the fact of its having to cross but one plate of salt, 
makes the action of the second chamber much greater than that of the first. 

Each of the Tables exhibits the fact that as the length of the chamber increases the 
dynamic radiation of the gas contained in it increases, and as the length diminishes the 
radiation diminishes. We also see how powerfully the gas in the second chamber 
acts upon the radiation from the first. With carbonic oxide, the presence of the gas in 
the second chamber reduces the deflection from 13®*7 to 6®*3; with carbonic acid it is 
reduced from 16*8 to 6*6 ; with nitrous oxide it is reduced from 19*5 to 6*2. Now this 
residual deflection, 6°*2, is not entirely due to the transparency of the gas, to heat emitted 
by the gas. No matter how well polished the experimental tube may be, there is always 
a certain radiation from its interior surface when the gas enters it. With perfectly 
dry air this radiation amounts to 8 or 9 degrees. Thus the radiation is composite, in 
part emanating from the molecules in the first chamber, and in part emanating from 
the surface of the tube. To these latter, the gas in the second chamber would be 
much more permeable than to the former ; and to these latter, I believe, the residual 
deflection of 6 degrees, or thereabouts, is mainly due. That this number turns up so 
often, although the radiations from the various gases differ considerably, is in harmony 
with the supposition just made. In the case of carbonic oxide, for example, the deflec- 
tion is reduced from 13®* 7 to 6®*3, while in the case of nitrous oxide it is reduced firom 
19®*6 to 6°*2 ; in the case of olefiant gas it is reduced from 69® to 10®*4, while in other 
experiments (not here recorded) the deflection by olefiant gas was reduced from 44® 
to 6®. 

As may be expected, this radiation from the interior surface augments with the 
tarnish of the surface, but the extent to which it may be increased is hardly sufficiently 
known. Indeed the gravest errors are possible in experiments of this nature if the 
influence of the interior be overlooked or misunderstood. An experiment or two will 
illustrate this more forcibly than any words of mine. 

A brass tube 3 feet long, and very slightly tarnished within, was used for dynamic 
radiation. Dry air on entering the tube produced a deflection of 12 degrees. The 
tube was then polished within, and the experiment repeated ; the action of dry tiir was 
instantly reduced to 7*6 degrees. 

The rock-salt plate at the end of the tube was then removed, and a lining of black 
paper 2 feet long was introduced within it The tube was again closed, and the experi- 
ment of allowing dry air to enter it repeated. The deflections observed in three successive 
experiments were 

80®, 81®, 80®. 

This result might be obtained as long as the lining continued within the tube. 
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The plate of rock-salt was again removed, and the length of the lining was reduced 
to a foot; the dynamic radiation on the entrance of dry air in three successive 
experiments gave the deflections 

76°, 74°, 75°. 

The plate was again removed and the lining reduced to 3 inches; the deflections 
obtained in two successive experiments were 

66°, 65°. 

Finally, the lining was reduced to a ring only 1^ inch in width ; the dynamic radia- 
tion from this small suiface gave in two successive trials the deflections 

56°, 56°-5. 

The lining was then entirely removed, and the deflection instantly fell to 

7°*5. 

A coating of lampblack within the tube produced the same effect as the paper lining ; 
common writing-paper was almost equally cfiective ; a coating of varnish also produced 
large deflections, and the mere oxidation of the interior surface of the tube is also very 
effective. 

In the above experiments the lining was first heated, and it then radiated its heat 
through a thick plate of rock-salt against the pile. The efiect of the heat was enfeebled 
by distance, by reflexion from the surfaces of the salt, and by partial absorption. 
Still we see that the radiation thus weakened was competent to drive the needle almost 
through the quadrant of a circle. If instead of being thus separated from the lining 
the face of the pile itself hdidL formed part of the interior surface of the tube, receiving 
there the direct impact of the particles of air, of course the deflections would be far 
greater than the highest of those above recorded. Indeed I do not doubt my ability to 
cause the needle of my galvanometer to whirl, by the dynamic heating of the surface of 
my pile, through an arc of 1000 degrees. Assuredly an arrangement subject to disturb- 
ances of this character cannot be suitable in experiments in which the greatest delicacy 
is necessary. 

Experiments on dynamic radiation, similar to those executed with gases, were made 
with vapours. The tube was divided into two compartments as before. Both compart- 
ments being exhausted, vapour was pennitted to enter the first chamber. Dry air was 
afterwards permitted to enter the same chamber ; the air was heated, it warmed the 
vapour, and the vapour radiated its heat against the pile. The heat passed in the first 
experiment through a vacuous second chamber, and in the second experiment through 
the same chamber when it contained 0-5 of an inch of the same vapour as that from 
which the rays issued. A third experiment was made to determine the dynamic radia- 
tion from the second chamber. The following Tables contain the results * — 



BAJ)UTION OF HEAT BY GASEOUS AND LIQUID MATTER. 221 

l)ynaini€ Badmtion of Vaj^ours. 

Table XXXVIIL— Bisulphide of Carbon, 0*5 inch. 


Length. 

vV 



Deflection. 

. 


r • 

1st Chamber. 2nd Chamber. 

By Ist Chamber. 
2nd Chamber 
empty. 

By Ist Chamber. 

Vapour in 

2nd Chamber. 

By 2nd Chamber. 

16-4 

340 

2-4 

i-6 

14*2 

36-3 

131 

9-75 

5-5 

9*0 


Table XXXIX.— Benzol, 

0*5 inch. 


Length. 

>V 



Deflection. 


/"- ^ 

1st Chamber. 2nd Chamber. 

r 

By Ist Chamber. 
2nd Chamber 
empty. 

By Ist Chamber. 
Vapour in 

2nd Chamber. 

' ^ 

By 2nd Chamber. 

15-4 

340 

3-0 

ii 

34*0 

36-3 

131 

21-6 

11*9 

15*1 


Table XL.— 

•Iodide of Ethyl, 0*5 inch. 


Length. 



Deflection. 


r ^ 

Ist Chamber. 2nd Chamber. 

By Ist Chamber. 
2nd Chamber 
empty. 

By Ist Chamber. 
Vapour in 

2nd Chamber^ 

^ A 

By 2nd Chamber. 

16-4 

340 

O 

3*4 

2*7 

3§*8 

36-3 

131 

25-4 

13*8 

19*0 


Table XLI. 

— Chloroform, 0*5 inch. 


Length. 



Deflection. 

. 


1st Chamber. 2nd 

1 

Chamber. 

By Ist Chamber. 
2ud Chamber 
empty. 

By Ist Chamber. 
Vapour in 

2ud Chamber. 

By 2nd Chamber. 

164 

340 

4-5 . 

o 

2*1 

41*0 

36-3 

131 

22*3 

100 

19*0 


, Table XLIL — Alcohol, 0*5 inch. 

Length. Deflection. 



By Ist Chamber. By Ist Chamber, 
let Chamber. 2nd Chamber. 2nd Chamber Vapour in * 

empty. 2nd Chamber. 

16*4 340 1-9 20 

36*3 131 33*8 16-9 


By 2nd Chamber. 


63-8 

34-9 
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Table XUIL— -Alcohol, 0*1 inch. 


Length. 

A. 



Defleetion. 


r N 

1st Chamber. 2nd Chamber. 

By 1st Chamber. 
2nd Chamber 
empty. 

By Ist Chamber. 
Yapour in 

2nd Chamber. 

By 2nd CSuunber. 

15-4 

34*0 

§•0 

i-3 

3^7 

36-3 

13*1 

21-8 

16-2 

11-5 


Table XLIV.- 

— Boracic Ether 

, 0*1 inch. 


Length. 



Deflection. 


t \ 

let Chamber. 2ad Chamber. 

By 1st Chamber. 
2nd Chamber 
empty. 

By Ist Chamber. 
Vapour in 

2nd Chamber. 

' ■ s 

By 2nd Chmnber. 

15-4 

340 

S'B 

O 

21 

6f*0 

36*3 

13*1 

291 

16*7 

31*6 


Table XLV.- 

-Formic Ether, 

0*5 inch. 


Length. 





Deflection. 


t 

1st Chamber. 2nd Chamber. 

By 1st Chamber. 
2nd Chamber 
empty. 

By Ist Chamber. 
Vapour in 

2nd Chamber. 

By 2nd Chamber. 

15-4 

340 

6*3 

2*5 

6§0 

36-3 

13-1 

460 

23*8 

41-0 


Table XL VI. — Sulphuric Ether, 0*5 inch. 


Length. 

^ 



Deflection. 


lat Chamber. 2nd Chamber. 

By 1st Chamber. 
2nd Chamber 
empty. 

By 1st Chamber. 

Vapour in 

2nd Chamber. 

By 2nd Chamber. 

15-4 

340 

§•6 

5-6 

68*0 

36-3 

13*1 

45-3 

22-4 

36*6 


Table XLVII. — ^Acetic Ether, 0*6 inch. 


Length. 

A. 



Deflection. 




1st Chamber. 2nd Chamber. 

r" 

By Ist Chamber. 
2nd Chamber 
empty. 

By 1st Chamber. 
Vapour in 

2nd Chamber. 

By 2nd Chamber. 

16-4 

34*0 

S*7 

i-o 

7§9 

36*3 

131 

49*1 

220 

41-0 
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Collecting the radiations from the second chamber for the lengths 34 inches and 
13*1 inches together in a single Table, we see at a glance how the radiation is affected 
by varying the length. 

Table XLVIII. 

Dynamic radiation of various vapours at 0*5 
inch pressure and a common thickness of 


^ ^ 

34 inches. 13*1 inches. 

Bisulphide of carbon .... 14*2 9*0 

Benzol 34*0 15*1 

Iodide of ethyl 38*8 19*0 

Chloroform 41*0 19*0 

Alcohol 53*8 34*9 

Sulphuric ether 68*0 3G*5 

Formic ether 68*0 41*0 

Acetic ether 73*9 41*0 

At a pressure of 0*1 of an inch. 

Alcohol 36*7 li*5 

Boracic ether 61*0 31*6 

The extraordinary energy of boracic ether as a radiant may be inferred from the last 


experiment Although attenuated to ^-^^th of an atmosphere, its thinly scattered mole- 
cules are able to urge the needle through an arc of 61 degrees, and this merely by the 
warmth generated on the entrance of dry air into a vacuum. 

Arranging the gases in the same manner, we have the following results : — 


Table XLIX. 

Dynamic radiation of gases at 1 at. 
pressure and a common thickness of 



34 inches. 

13*1 inches. 

Carbonic oxide . . . 

• 

• 

• 

to 

16°*6 

Carbonic acid . . . 

. . . 23*3 

17*6 

Nitrous oxide . . . 

. . . 31*7 

22*0 

Oleflant gas .... 

. . . 68*0 

66*0 


The influence of tenuity which renders the vapour at 0*6 of an inch a more open 
screen than the gas at 30 inches is here exhibited. In the case of the vapour, a greater 
length is available for radiation than in the case of the gas, because the radiation from 
the hinder portion of the column of vapour is less interfered with by the molecules in 
front of it than is the case with the gas. By shortening the column we therefore do 
more injury to the vapour than to the gas ; by lengthening it we promote the radiation 
from the vapour more than that from the gas. Thus while a shortening of the gaseous 
MDCCCLZIV. 2 H 
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• 

column fi*om 34 inches to 13*1 causes a fall in the case of nitrous oxide only from 23°‘3 
to 17®*6, the same amount of shortening causes benzol vapour to fall from 34® to IS®*! — 
a much greater diminution. So also as regards olefiant gas, a shortening of the radiating 
column from 34 inches to 131 inches causes a fall in the deflection only from 68® to 
66 ® ; the same diminution produces with sulphuric ether a fall from 68® to 36® *6 ; and 
with acetic ether from 73®* 9 to 41®. In the long column acetic ether vapour beats 
olefiant gas, but in the short column the gas beats the vapour. 

One of the earliest series of experiments of this nature which were executed last 
autumn, though not free from irregularities, is nevertheless worth recording. The expe- 
riments were made with a brass tube, slightly tarnished within, the tube being 49*4 
inches long, and di\ided into two equal compartments, each 24*7 inches in length, by a 
partition of rock-salt placed at the centre of the tube. 


Table L. — ^Dynamic radiation of Vapours. 

Deflection. 


By Ist Chamber. 
2n(l Cham, empty. 

By Ist Chamber. 
Vapour in 2nd Cham. 

By 2nd Chamber. 

Bisulphide of carbon 

. 8*2 

S'8 

2l*2 

Benzol 

. 20-0 

12*4 

46*9 

Chloroform . . . 

. 24*3 

10-9 

66*2 

Iodide of ethyl . . 

. 27*5 

14*7 

66*3 

Alcohol .... 

. 42*7 

22*3 

69*0 

Sulphuric ether . . 

. 46-3 

21*7 

80*6 

Formic ether . . . 

. 47-5 

19*8 

79*6 

Propionate of ethyl . 

. 49-8 

26*0 

82*3 

Acetic ether . . . 

. 63-3 

30*0 

82*1 


To ascertain whether the absorption by the vapours bears any significant relation to 
the absorption by the liquids from which these vapours were derived, the transmission of 
radiant heat through those liquids was examined. The open flame of an oil-lamp was 
used, and the liquids were enclosed in rock-salt cells. Thus the total radiation from 
the lamp, with the exception of the minute fraction absorbed by the rock-salt, was 
brought to bear upon the liquid. 

In the following Table the liquids are arranged in the order of their powers of 
transmission. 
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Table LI. 


Name of liquid. 

Bisulphide of carbon 

„ „ saturated with sulphur 

„ „ „ with iodine . 

Bromine 

Chloroform 

Iodide of methyl 

Benzole 

Iodide of ethyl 

Amylene 

Sulphuric ether 

Acetic ether 

Formic ether 

Alcohol 

Water saturated with rock-salt 


Transmission in hundredths 
of the radiation. 

... 83 
... 82 
... 81 
... 77 
... 73 
... 69 
. . . 60 
... 57 
... 60 
... 41 

... 34 
... 33 
. . . 30 

. . . 26 


These results are but approximate, but they are not very far from the truth ; and it 
is impossible to regard them without feeling how purely the act of absorption is a 
molecular act, and that when a liquid is a powerful absorber the vapour of that liquid 
is sure also to be a powerful absorber. 

To experiment with water, it was necessary to saturate it with the salt of which the 
cell was formed, but the absorptive energy is due solely to the water. We might infer 
from this alone, were no experiments made on the aqueous vapour of the atmosphere, 
that that vapour must exert a powerful action upon terrestrial radiation. In fact, in all 
the statements that I have hitherto made 1 have underrated its action. 

The deportment of the elements sulphur and iodine, dissolved in bisulphide of carbon, 
is in striking harmony with all that we have hitherto discovered regarding the action of 
elementary bodies. The saturation of the bisulphide by sulphur scarcely affects the 
transmission, while a quantity of iodine sufficient to convert the liquid from one of 
perfect transparency to one of almost perfect opacity to light, produces a diminution of 
only two per cent of the radiation. This shows that the heat really used in these expe- 
riments consists almost wholly of the obscure rays of the lamp. It is worth remarking 
that the obscure rays of a luminous source have a much greater power of penetration in 
the case of the liquids here examined than the rays from an obscure source, however 
close to incandescence. The deportment of bromine is also very instructive. The liquid 
is very dense, and so opaque as to cut off the luminous rays of the lamps, till it transmits 
77 per cent, of the total radiation. It stands in point of diathermancy above every com- 
pound liquid in the list except bisulphide of carbon. This latter substance is the rock- 
salt of liquids. 

Before a strict comparison can be made between vapours and liquids, they must be 
examined by heat of the same quality, and I have already made arrangements with 
which 1 hope to obtain more complete and accurate results than those above recorded. 
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VI. A Compariswi of the most notable Disturbances of the Magnetic Decimation in 1858 
072(21859 at Kevo and at Nertschinsk ; 'preceded by a brief DetrospecUve View of the 
Progress of the Investigation into the Laws and Causes of the Magnetic Disturbances. 
By Maj(yr-General Edward Sabine, B.A.., President of the Royal Society. 


Rocoived April 28,— Read May 2G, 1864. 


Before I proceed to the particular subject of this paper as noticed in its title, it maj 
perhaps bo desirable to take a brief retrospective view of the advances which have been 
made from time to time in our knowledge of the phenomena of the magnetic disturb- 
ances since they became the subjects of systematic investigation ; and more especially 
since the publication of the Report of the Royal Society in 1840, and the establishment 
of magnetic obseiwatories adopting and pursuing the methods of inquiry founded upon 
the instructions contained in that Report. 

The observations of the German Magnetical Association, conducted by MM. Gauss 
and Weber, which was the immediate precursor of the British obserwitories, commenced 
in 1834 and terminated in 1841, the first year of the British Observatories. It was 
itself preceded by an earlier German Association, formed in 1828 under the auspices of 
Baron Alexander von Humboldt, having for its object to make a series of strictly 
synchronous observations of the magnetic declination at concerted times at widely sepa- 
rated localities, for the purpose of inquiring into the nature and investigating the laws, 
if laws should be found to reveal themselves, of the apparently casual and irregular 
fluctuations of the magnetic needle which had tlien recently begun to attract the notice 
of scientific men, as natural phenomena proceeding from and indicating some hitherto 
unknown agency, and as such well meriting systematic investigation. 

Berlin was the centre of the first German Association, as Gottingen was of the second. 
In 1829 and 1830 the Berlin Association had correspondents in very distant parts of the 
European continent, such, for example, as St. Petersburg, Kasan, and NicolaiefF, by 
whom the direction of the declination magnet was observed with great care and pre- 
cision at hourly intervals of absolute time for forty-four successive hours at eight con- 
certed periods of the year ; and to the continuance of these tenn-ebservationsy as they 
were called, there were added in March 1834 similar obser^^ations at Gottingen, but 
made with greater frequency, viz. at intervals of ten minutes. The intercomparison of 
the hourly observations revealed the general fact that very considerable fluctuations, still 
happening however on days that were apparently casual and irregular, were synchronous 
at all the stations of observation; whilst the ten’Omnutely observations at Gottingen, 
which had no parallels elsewhere, showed numerous intermediate fluctuations of similar 

MDCCCLXIT. 2 1 
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character. In order to bring to the test of positive evidence the question whether these 
intermediate fluctuations were also general, or were of merely local on^n^five^imUely 
observations were now appointed at all the stations ; and the result of four such term- 
days, in May, June, August, and September 1834, was to establish conclusively, that 
almost all the numerous and apparently irregular movements observed at Gottingen 
occurred also at the other places; and although with varied relative magnitudes, yet 
with an agreement which did not admit of mistake. The Gottingen Association now 
took the lead in the inquiry, the number of terms in the year being flxed at six, each of 
twenty-four hours’ duration, with intervals of five minutes between the observations. 
The number of associated stations appears to have been about twenty, distributed gene- 
rally over the continent of Euroj)e. Besides the increased frequency of the observations, 
improvements were introduced in the apparatus used in the observations of the declina- 
Hbn ; and the bifilar magnetometer, devised by M. Gauss for a corresponding record of 
the variations in the intensity of the horizontal component of the magnetic force, was 
employed at a few stations where the activity was greatest. The Gottingen Association 
continued its terms with regularity until 1841, stimulated by the great advantage which 
it possessed in the discussion of the results from time to time by MM. Gauss and Webeb 
in the well-known publication entitled “ Resultate aus der Beobachtungen des magne- 
tischen Vereins.” The conclusions already noticed as having been obtained in 1834 
were confirmed by the careful examination and discussion to which the observations of 
each recurring term-day were subjected. The disturbing action was found^to be 
frequently so considerable in amount, that partial and even total obliteration of the 
regular diurnal movements was a very common occurrence ; and to be of such general 
prevalence, not only in the larger but also in most of the smaller oscillations, over the 
greater part of Europe, as to cause it to be viewed as in a very high degree improbable 
that the disturbances could have either a local or an atmospherical origin. No con- 
nexion or correspondence whatsoever was discoverable between the indications of the 
magnetical and meteorological instruments ; nor had the state of the weather any per- 
ceptible influence. It happened very frequently that either an extremely quiescent 
state of the needle or a very regular and uniform progress was preserved during the 
prevalence of the most violent atmospherical storm ; and as with wind-storms, so with 
thunder-storms, even when close at hand they exercised no perceptible influence on the 
magnetic instruments*. 

» 

* As a magiutical question, the supposition of an atmospherical origin of the disturbances may be considered 
to have been disposed of by the conclusions of the Gottingen Association. There remained, however, a problem 
which might be interesting to nieteorologUta. It was possible to suppose that, although the magnetic disturbances 
did not originato in the atmosphere, their presence, or possibly that of their producing cause, might occasion some 
atmospherical condition (which might be indicated either by the meteorological instruments or by some 
state of the weather), affecting simultaneously all parts of the globe on the particular days when the 
instruments were disturbod. The simultaneous observations of both classes of phenomena at the widely distri- 
buted stations of the British Colonial Observatories were well cdculated to bring into view any general 
atmospheric condition or affection if it existed; but the most careful collation of the rimultanoous records of 
many years has failed to reveal any such correspondence. 
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The variations in tlSe proportional magnitude 6f the disturbaiices in different localities^ 
even when the dmilarity was otherwise unequivocal, had in one respect the appearance 
of a systematic indication, a decrease being shown in the energy of the disturbing force 
as its action was traced and followed from north to south. Hence the probability was 
inferred (so far as it might be safe to draw such conclusions from experiments which 
embraced comparatively but a small portion of the earth’s surface) that the great focus or 
foci from whence the most powerful disturbances in the northern hemisphere emanated 
might be situated, and might possibly be sought with success, in parts of the globe to 
the north, or to the north-west, of the European continent. But even admitting this 
supposition to be well founded, so many of the phenomena still remained imexplained, 
that in the ‘ Resultate’ for 1836, p. 99, M. Gauss took occasion to express his matured 
conviction that “we are compelled to admit that on the same day and at the same 
hour various forces are contemporaneously in action, which are probably quite inde- 
pendent of one another and have very different sources, and that the effects of these 
various forces are intermixed in very dissimilar proportions at various places of observa- 
tion relatively to the position and distance of these latter ; or these effects may pass one 
into the other, one beginning to act before the other has ceased. The disentanglement 
of the complications which thus occur in the phenomena at every individual station will 
undoubtedly prove very difficult. Nevertheless vve may confidently hope that these diffi- 
culties will not always remain insuperable, when the simultaneous observations shall be 
much ipiore widely extended. It will be a triumph of science should we at some future 
time succeed in arranging the manifold intricacies of the phenomena, in separating the 
individual forces of which they are the compound result, and in assigning the source 
and measure of each.” 

The term-days of the Gottingen Association were limited to the observation of a single 
element, viz. the declination, with the exception of a few stations at which the bifilar 
magnetometer was occasionally employed. Instrumental means had not as yet been 
devised fom observing the disturbances of the inclination and the total magnetic force, 
either directly, or by means of their theoretical equivalents, the h(^zontal and vertical 
components of the force. We find it indeed expressly admitted by M. Gauss that it 
could not be doubted that the Inclination and Force are subject to disturbances similar 
to those observed in the Declination, but that the time had not yet arrived for including 
the three elements in the circle of combined inquiry : adding, “ that as soon as the 
means of observation should be so far perfected that we could recognize with certainty, 
follow with ease, and measure with accuracy the variations, and especially the rapidly 
varying changes of the dip and total force, these variations would have the same claim 
on the united activity of inquirers, as the variations of the declination possessed during 
the period of the Gottingen Association.” 

We come now to the epoch when the inquiry was taken up and its further prosecu- 
tiion carried on by our own country. The two German Associations had prepared the 
way for the more extended and more complete organization which, on the recommenda- 

2i2 
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tion of the British Associarion for the Advancement of Science, assembled at Newcastle 
in September 1888, and concurred in by the President and Council of the Royal Society 
in the spring of 1839, the inquiry subsequently received under the sanction and with the 
warm support of the Ministry of which Lord Melbourne was the principal member, 
and the succeeding Administration of which Sir Robert Peel was the first minister. 
The field,of research was no longer limited to a single continent, but included the most 
widely separated localities on the globe. Stations were selected in both hemispheres, and 
in the tropics, on continents and on islands, the selection being guided either by diversity 
of geographical circumstances, or by magnetical relations of prominent interest. The 
objects of investigation were also enlarged, so as to include not alone the transient and 
irregular fluctuations which had occupied the chief attention of the German Associations, 
but also “ the actual distribution of the magnetic influence over the globe at the present 
epoch in its mean or average state, together with all that is not permanent in the phe- 
nomena, whether it appear in the form of momentary, daily, monthly, semiannual or 
annual change and restoration, or in progressive changes, possibly not compensated by 
counter-changes, or possibly receiving compensation, either in whole or in part, in cycles 
of unknown relation and unknown period.” Suitable instruments, which in many 
respects were novel in construction, were provided for the observation of each of the 
three magnetic elements in this scheme of comprehensive research ; and a report, pre- 
pared with much deliberation and care by a special committee of the Royal Society, was 
printed for the instruction and guidance of those who should be employed in coi^ucting 
the magnetic surveys by sea and land, and of those who sil^uld direct or superintend 
the investigations to be carried out at the stationary magnetic establishments. 

The present communication having reference to one branch only of one department 
of this extensive inquiry, viz. to that which relates to the iiiagnetic disturbances^ its 
notices are strictly limited to what may be necessary for placing before the Society as 
briefly as possible the successive steps which have advanced our knowledge of these 
phenomena, in respect to their diversities and mutual relations, their connexion with 
the general phenon^na of terrestrial magnetism, and their probable cosmical origin. 

The simultaneity of the days on which magnetic disturbances take place had already 
been shown by the term-days of the Gottingen Association to be coextensive with its 
sphere of operation, viz. the greater part of the continent of Europe. The wider exten- 
sion of the British system, embracing stations in all quarters of the globe, now caused 
the feet of the simultaneity of disturbance to be recognized as a general feature common 
to the whole of our planet ; whilst the evidence of diversity in the action of individual 
forces, even in the most clear cases of synchronous distuihance, was even more distinctly 
manifested than in the previous more limited experience. Thus the comparison of the 
term-days in 1840, 1841, and 1842 observed at diflerent stations on the continents of 
Eurdpe and America, and collated in the first volume of the Observations at the Toronto 
Observatory, published in 1845, gave occasion to the following general conclusion:-— 
“ The correspondence so strikingly manifested in the fluctuations in America, and which 
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has its counterpart in the correspondence shown by fhe term-observations at the different 
stations in Europe, is not found to prevail in anything like the same degree between the 
curves of the two continents when they are exhibited in comparison. Nevertheless indi- 
cations are not wanting of participation in disturbances having a common cause The 

character of the term^day, in respect to the degree of disturbance by which the mag- 
netometers are affeqted, may always be derived alike, whether we view the European or 
the American curves; and instances are not infrequent of individual perturbations 
common to both continents, having their culminating points at the same individual 
instant. There arc sometimes disturbances in the same direction in both continents and 
sometimes in opposite directions. On the other hand, there are perturbations, and 
occasionally of considerable magnitude, on the one continent, of which no trace is 
visible in the observations on the other.” 

These facts were in full accordance with the conclusions which had been derived by 
the eminent geometrician of Gottingen from the observations of the Association formed 
under his auspices. They were further confirmed by a still* more extensive and search- 
ing comparison, the means for which were furnished by a practice adopted at the British 
Colonial Magnetic Observatories shortly after their operations had commenced, of sum- 
moning the whole observing staff of the Observatory whenever in the course of the 
hourly observations of the magnetometers (maintained without intermission except on 
Sundays) they were perceived to be under the influence of an unusual disturbance ; and 
thus the movements of each of the magnetometers were recorded at as short intervals as 
circumstances would permit, until the disturbance appeared to have subsided. These 
records were received at the Headquarter Office at Woolwich from Toronto, St. Helena, 
the Cape of Good Hope, and Van Diemen Island, as well as from the Expedition 
employed under Sir James Ross in the Magnetic Survey of the Antarctic regions, when- 
ever the ships were sufficiently long in port to admit of the magnetometers being esta- 
blished and observed. The comparison of the records showed that magnetic disturb, 
ances prevailed, almost invariably, on the same days and at the same hours, in all these 
very various parts of the globe. The observations themselves were subsequently 
published in two parts; Fart I. in 1843, containing the observations in 1840 and 1841, 
and Fart II. in 1851, containing those in 1842, 1843, and 1844; together with the 
corresponding values of the declination and of the horizontal force in Fart I., and of the 
declination, horizontal and vertical forces, and of their theoretical equivalents, the 
Inclination and the Total Force, in Fart II. ; accompanied by the normal values of the 
eleigents at the different stations in the months in which the disturbances occurred, and 
their absolute values at each of the stations. Abundant evidence is to be found in these 
publications that fluctuations of the most marked character are strictly synchronous in 
the northern and southern hemispheres, as well as in Europe and America ; whilst at 
stations remote from each other the disturbance of the one element may differ widely 
in amount, and occasionally may be even reversed in direction. Not mifrequently also 
a disturbance showing itself at the same instant at distant stations is found to affect one 
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element at one station and another element at another station, — ^all confirmatory of the 
conclusions airiyed fit hy M. Gauss, and of the opinions of those who, antecedently to 
the establishment of the British Colonial Observatories, had anticipated that tlie distinctivt 
characters of the disturbances at indwidual stations would require to be studied^ as the 
first in a systematic inquiry into their causes, sources, and mutual relations. 

The hourly obser^'ations made at the Colonial observatories were received at Wool- 
wich in the form of monthly tables, in which the days of the month were arranged in 
successive horizontal lines, and the hourly observations in twenty-four vertical columns; 
an additional column at the side showed the mean of each day, and an additional line 
at the bottom of the Table the mean of each hour in the month. Even a very super- 
ficial examination of these Tables at any one station sufficed to show that certain hours 
were more affected by disturbance than others. These homs were not the same at 
different stations ; and no distinct relation could be traced at any station between the 
hours of principal disturbance and those of the well-recognized horary fiuctuation due 
to the regular solar-diurnal variation. It was obvious therefore that the horizontal line 
at the bottom of each monthly table, which showed the mean «ralues at the several hours 
(or what might be teimed the diurnal inequality), did in fact represent two variations, 
viz. 1st, the regular solar-diurnal variation, and 2nd, a diurnal variation due to the dis- 
turbances ; the two having every appearance of proceeding either from distinct causes or 
fi'om distinct actions of the same original cause. The means of separating them per- 
fectly from each other did not readily present themselves, but to do so approximately, 
and with an approximation quite sufficient for many practical purposes^ was merely a 
work of labour. The very featur e which marked certain of the obseiTations as disturbed, 
viz. the magnitude of their discordance with the other records standing in the same 
column with themselves, or (as more readily seen) the magnitude of their differences from 
the mean value at the same month and hour at the foot of the page, appeared to supply 
a ready means (in the absence of any more exact criterion) of distinguishing the observa- 
tions which were most affected by disturbance. It was soon found that by assuming for 
each element and for each station a certain amount of difference from the monthly mean 
at the same hour as the indication of disturbance, the records in each month might be 
separated into two portions, of which the smaller, containing the disturbed observations, 
might be set apart for an examination of the laws of disturbance ; whilst the larger 
portion, from which the disturbances had been thus eliminated, would become more 
available for obtaining a correct knowledge and analysis of the progressive and regular 
variations than when they were mixed up with the casual and transitory affections.# 

By maintaining these assumed discriminating or separating values (forming the cri- 
teria whereby each observation was assigned either to the disturbed or to the undisturbed 
category), constant at each station, the laws of disturbance in different months and 
different years, if such laws existed, might be studied with convenience and security; 
and by so adjusting the values adopted at the different stations as to cause the number 
of the disturbed observations at each station to bear nearly an equal proportion to the 
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whole body, an advance might be made towairds an approximate estimate of the degree 
in which the distiurbing action prevailed in different parts of the globe. In the prao 
tical application of this scheme of first or primaiy analysis it was foimd that, provided 
the selected separating value at each station were such as to place in the category of 
disturbed observations a proportion equivalent to between one and two tenths of the 
whole body of the observations, small Alterations within these x limits occasioned no 
significant alterations in the derived diurnal progression either of the disturbed or of 
the (for the most part) undisturbed observations. 

The monthly records of a single year at any one of the observatories sufficed to mani- 
fest an order and sequence in the ratios of the aggregate amounts of disturbance in each 
of the twenty-four hours to the mean amount in the twenty-four hours taken as unity, 
which placed beyond a doubt the fact that, casual and irregular as the disturbances 
might appear in respect to the particular times of their occurrence when viewed in single 
days, they were in their mean effects strictly periodical phenomena ; exhibiting, by the 
character of their periodical variations, a dependence on the sun as their primary source. 
To this important fact the disturbances of each of the magnetic elements, the Declina- 
tion, the Inclination, and the Intensity of the magnetic force, bore concurrent testimony, 
although the hours of maximum and minimum of their respective diurnal progressions 
were dissimilar ; confirming in that particular the inference of the existence of distinct 
periodical laws in the disturbances of each of the elements. 

The bearing of this result upon the methods by which magnetical investigations could 
most successfully be prosecuted was important. It had been remarked at a veiy early 
date, viz. in the 1st volume of the Toronto Observations, published in 1845, p. xv, that 
“if the disturbances took place without any systematic prevalence at certain hours 
rather than at others, and with no systematic inequality in regard to direction and 
amount, their influence would be limited to a lengthening of the time required for 
obtaining accurate mean values of the solar-diumal variation; but that if systematic 
inequalities were found to prevail in those respects, it was obvious that no duration of 
the observations would eliminate their influence ; and the diurnal inequality obtained 
from the whole body of the observations, whatever might be the duration it repre- 
sented, must include the effects of two distinct phenomena, viz. of the disturbances, 
and of the diurnal variation properly so called ; these two phenomena having possibly 
distinct causes, or at least distinct laws.” The conclusion could no longer be doubted, 
therefore, that the first step in the systematic treatment of a body of observations, 
whether for the purpdse of studying the laws of the disturbances, or for obtaining a 
correct knowledge of the more regular periodical variations, must be to separate the 
observations into two portions, one of which should include the more significant disturb- 
ances, and the other should contain the remainder of the observations, from which the 
disturbances had been for the most part eliminated. Our present concern is with the. 
treatment of the disturbed portion only ; the periodical variations of more regular occur* 
rence are discussed elsewhere. 
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And here it becomes proper to recall the instructions regarding the casual and trans- 
itory variations contain^ in the Heport of the Boyal Society referred to in page 230, 
in which we find this conclusion to have been in great measure anticipated,— the 
importance of treating the laws and mutual relations of the disturbances as a distinct 
subject of investigation clearly recognized,— -and the probable results of such investi- 
gation not obscurely indicated. In pages 2 and 3 of that Report it is stated that the 
investigation of the laws, extent, and mutual relations of the casual and transitory 
variations is become essential to the successful prosecution of magnetic discovery .... 
because the theory of those transitory changes is in itself one of the most interesting 
and important points to which the attention of magnetic observers can be turned, ds 
they are no dauht intimately connected with the general causes of terrestrial magnetism^ 
and will probably lead us to a much more perfect knowledge of those causes than we 
now possess'' In the opinion thus expressed, being myself one of the Committee by 
whom the Report was drawn up, I fully concun*ed ; and having been appointed by 
Her Majesty’s Government to superintend the observations made at the British Colo- 
nial Observatories, and to coordinate and publish the results, it is alike my duty and my 
desire to show that the methods pursued have been in strict conformity with the spirit 
of those instructions, whilst the conclusions derived will be seen to be in full accord- 
ance with the anticipations expressed therein *. 

• The importance which M. Gacss attached to the further and full investigation of the magnetic disturb- 
ances was not less than that expressed in the Report of the Royal Society. Having had occasion, at the request 
of the President and Council of the Royal Society, to visit Berlin and Gottingen in conjunction with Hr. Li.0Yt) 
,in the autumn of 1839, when the British Colonial Observatories were in contemplation, I transcribe the following 
notice of M. Gauss’s opinions from a copy which I have retained of a letter to Baron Alexandek vox Humboldt, 
written from Elberfeld on the 24th of October 1839, since it is more to the pur]K>se than anything which I could 
now write from recollection : — “ The conferences with M. Gauss did not close till late on Monday night : wo loft 
Giittingen early on Tuesday morning, and this is our first stoppage. We found M. Gauss’s attention resting prin- 
cipally on that part of our proposed system of observation which is directed to the determination of the laws of 
the periodical fluctuations, and of the mode of action of the causes which produce them. Fully satisfied with the 
hourly observations as an almost certain means of attaining these objects, ho was only desirous, for the full solution 
of the problem, that the number of stations should be increased so as to comprise the greatest practicable extent 
of latitude ; care being also taken that there should bo one or two paralleb in which there should bo stations in 
meridians widely apart. The relative importance of different localities in reference to the secular changes docs 
not yet appear to have received M. Gauss’s attention. The bearing of tho stations on the periodical fluctua- 
tions was the chief and almost tho only consideration on which ho dwelt. Wo may hope that, in respect to the 
secular changes, the results obtained at tho nineteen contemplated stations, so extensively distributed on the 
surface of the globe, will at least servo to test the validity of physical theories, though they may not include 
those points which a more advanced knowledge might indicate as most suitable for suggesting the true theory. 
Bamaoul and Yakutsk appear well situated to throw light on tho easterly progression of the maximum of force 
in the Siberian quarter, which is by some believed to bo more rapid than tho progression, also easterly, of tho 
maximum in tho American quarter ; forming in their combined effect a double system of translation in the lines 
to which the changes of Declination and Inclination in tho northern hemisphere, ever since they were observed, 
appear to have been conformable. Our solicitude was strongly expressed to learn from M. Gauss if there were 
any stations, exclusive of those chosen for the fixed observatories, at which a new determination of the three 
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The Beport anticipates, as the probable result of the researches then about to be 
instituted, the establishment of an intimate connexion between the casual and transitory 
variations and the “general causes of terrestrial magnetism.” Whatever these may be, 
our best inferences in regard to them must be based upon the knowledge we possess of 
the actual distribution of the magnetic influence upon the surface of the globe. In 
regard to this distribution, the Report refers throughout to two works as containing the 
embodiment of the totality of the known phenomena, viz. 1, a memoir, published two 
years antecedently (1838) in the Transactions of the British Association for the Advance- 
ment of Science, entitled “ On the Variations of the Magnetic Intensity in different 
parts of the Earth’s Surface,” in which the results of recent researches in almost all the 
accessible parts of the globe were brought together and coordinated, and their bearing 
on earlier systematic views discussed; and 2, M. Gauss’s ‘Allgemeine Thcorie des 
Erdmagnetismus,’ published in 1839, being the year preceding that in which the Report 
of the Royal Society was published *. These two works are referred to throughout the 
Report as supplying, the first the observational, and the second the theoretical bases of 
the Instructions drawn up for the guidance of those who were to conduct, and of those 
who were willing to take part in the proposed magnetic researches by sea and by land. 
In both works, the facts which had been ascertained were found to be in accordance 
with (and so far confirmatory of) the theory which wc owe to the combined industry 
and sagacity of our illustrious countryman and Fellow, Halley, of the existence of a 
dovhle system of magnetic attraction on the surface of the globe, the direction and 
intensity of the magnetic force being at all points the resultant effects of the two separate 
systems. In both works, the localities to which the resultant Poles, or Points of^ 
greatest force (in the northern hemisphere), were traced, were nearly the same, viz. 
one in the northern part of the American continent, and tlie other in the northern part 
of the Europceo-Asiatic continent. To have determined their precise geographical 
positions, it would have been requisite that the observations from which they were 
derived should have corresponded, or nearly so, to one and tlie same epoch, inasmuch 
as one of the magnetic systems is regarded as subject to a movement of translation 
in a geographical sense, giving rise to the phenomena of secular change. But the 
approximation in the conclusions from two such extensive and laborious coordina- 
tions as those which have been named, was fully sufficient to establish that the general 
causes of terrestrial magnetism referred to must be such as would produce the pheno- 
mena of a double system. Now, combining the expectation expressed in the Report, 



magnetic elements was particularly desirable fewards a revision of his theory. It appears that of the seven 
parallels of latitude which he has employed to give the basis of his numerical calculation, the most southern is 
in 20^ 8. lafltude. Observatious carried round a parallel in a high southern latitude are consequently the 
principal desideratum. This is precisely what wo have reason to hope will be accomplished by the Antarctic 
Expedition,” 

• An English translation by Mrs. Sabinb of M. Gauss’s “ AUgemeine Theorie” was published in 1839^ in 
Taylor’s Scientific Memoirs, vol. ii. Art. V, 
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of the probability of a connexion subsisting between the magnetic disturbances and the 
more general phenomena of the earth’s magnetism, with M. Gauss’s inference from 
the Gottingen researches, that the source or sources (“point or points of apparent 
origin ”) from whence the disturbing action in the northern hemisphere proceeds must 
necessarily be sought in the north, or in the north-west, of the European continent, it 
seemed reasonable to infer hypothetically that a connexion might be found between 
the “points of origin” of the disturbances, — ^if these could be more precisely asoer- 
tained and their separate effects distinguished apart, — and the poles or points of the two 
magnetic systems, of which we have the resultants in the centres of the two isody- 
namic lemniscate-loops. The ^rst analysis of the disturbances had shown the disturb- 
ances to be strictly periodical phenomena in their mean effects, and had traced them 
directly to the sun as their primary source^ inasmuch as they were found to be governed 
everywhere by laws depending upon the solar hours. Those who are familiar with the 
theory by winch the transmission of light from the sun to the earth is explained, will 
have little difficulty in admitting a similar explanation of the mode by which magnetic 
influences may be conveyed from the sun to the earth. The analogy has been directly 
recognized and reasoned upon in the explanation of magnetic phenomena by Professor 
Challis in recent papers. It is when the influences reach the earth that the modes of 
their reception, distribution, and transmission may be less clearly apprehended; but 
these are within our own proper terrestrial domain and sphere of research, and are 
therefore more particularly the subjects to which our investigations may be most usefully 
directed. We have here to guide us the simple analogy of a magnetic impulse imparted 
^to a bar already magnetized ; the impulse is at once distributed throughout the bar ; 
the poles or points of greatest force being affected in the greatest degree, and tlie effects 
diminishing as the middle of the bar is approached. We may conceive that in like 
manner a magnetic impulse communicated from without might, in either hemisphere or 
in both simultaneously, be received by and produce its principal effect on the poles or 
points of greatest force belonging to the hemisphere, either augmenting or diminishing, 
as the case may be, the mean or ordinary magnetism of each, and thenceforward acting 
generally and conjointjy throughout the hemisphere according to laws which are or may 
be capable of determination by suitable means. The possibility of tracing a certain 
locality, or localities, on the globe as a “ point or points of origip” where the magnetic 
influences being received might thenceforward distribute themselves according to the 
laws of magnetic propagation, had already been entertained by M. Gauss. In the 
first analysis of the disturbances at the British Colonial Observatories, referred to in 
p. 233, those of each element were treated simply m their aggregate effects, as might 
be conceived to be suitable on the supposition of their proceeding from a m^le warce 
only. The result was sufficient to manifest their strictly periodical character, and to 
refer them to the sun as their •primary source ; but it was at the same time obvious that 
this first analysis could by no means be regarded as a final one, inasmuch as in every 
case there was exhibited a plurality of maxima and in the diurnal progreasioni 
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giving reason to infer that, by subjecting the disturbances to a more searching analysis, 
systematic progressions indicative of tvro or more distinct sources of disturbance in each 
hemisphere might be made to disclose themselves. 

It had been found, moreover, that at every station where the examination had been 
made the disturbances of the declination were occasionally deflections to the East, and 
occasionally deflections to the West, from the mean position of the magnet ; and those of 
the Dip, and of the total Force, occasionally increasing and occasionally decreasing the 
mean values. The aggregate amounts of disturbance in each element were now there- 
fore separated into distinct categories, and the ratios of disturbance at the several hours 
in each category to the mean hourly ratios were determined by a process similar to that 
adopted in the analysis of the aggregate values. The results fully justified the labour 
expended in this proceeding ; each category presented progressions still more systematic 
and of much greater simplicity than had appeared in the preceding investigation pre- 
vious to which the categories had not been separated ; giving great probability to the 
inference that at every station a similar process would manifest that there were at least 
two, and probably only two, distinct sources in each hemisphere, to which disturbances 
occurring simultaneously might be ascribed ; and that by an increase in the number of 
stations, particularly ifthey were judiciously selected, the geographical localities in which 
the greater part at least of the disturbances originated, might be approximately traced. 
Confining ourselves, for brevity, to the illustration afforded by a single element, viz. the 
Declination, it was found that at all stations, in all parts of the globe, the disturbances 
of the declination resolved th(‘mselves into two distinct and dissimilar categories ; the same 
two distinct and dissimilar forms of diurnal progression being everywhere reproduced ^ 
with little other variation than that of the particular hours of maxima and minima ; but 
having this additional important peculiarity, that the particular form of the curve of 
the diurnal progression which characterized’ the Easterly Deflection at certain stations 
marked the Westerly Deflection at certain other stations, and vice versd. It was also 
found that at some stations the Easterly Deflections greatly pre^nderated over the 
Westerly, whilst at other stations the Westerly were predominant An attentive con- 
sideration of the facts elicited by this extensive though somewhat laborious investiga- 
tion strengthened the previously prevailing impression, that the progressive increase of 
our knowledge of these remarkable phenomena would lead, in both hemispheres, to 
the establishment of a connexion — ^if not to the identification-— of the terrestrial sources 
of the casual and transitory disturbances with the foci, as they are sometimes called, of 
the two magnetic systems of the globe. 

Proceeding from these premises, it appeared desirable to examine whether, if two 
stations were taken in a suitable and nearly similar latitude, one of which might be on 
the eastern and the other on the western side of one of the supposed points of terrestrial 
origin, and if a sufficient comparison were made of the disturbances simultaneously 
observed at the two stations, the cat^ory of easterly deflections at the one station might 
not be found to correfiq[>ond in the form of the curve, and possibly also in the hours of 
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maxima and minima taken in absolute time, with the category of westerly disturbances 
at the other station. To test this by experiment, it was desirable to select stations, in 
suitable localities, where trustworthy observations could be relied on, inasmuch as the 
experiment would be somewhat of a crucial nature. The Russian stations on the eastern 
side of Siberia and at Pekin, where hourly observations of the declination had been 
made for some years, seemed the most favourably situated for supplying a station on 
the eastern side of the Europaeo-Asiatic focus, whilst Kew might furnish a correspoftd- 
ing station on the western side, as soon as its photographic records should be sufficiently 
advanced. For the Asiatic station Pekin was selected in the first instance, although its 
latitude being about 12° south of Kew, might seem to render it a rather less eligible 
station of comparison than one of the eastem-Siberian stations ; but there was at that 
time an idea, originated by Sir Charles Trevelyan at the Treasury, that Pekin might 
become a station of a British magnetic observatorj^ and in that view it was desirable to 
know what had already been accomplished there. The first thing to be done was to 
ascertain by a careful scrutiny the degree of reliance to be placed on the observations, 
these having been made, under the Russian superintendent of the Pekin Observatory, by 
Chinese observers ; and a decisive test was at once adopted. It consisted in rewriting 
in hmar hours the monthly Tables which record the observations taken at solar hours, 
and deriving from the Tables so rewritten the lunar-diumal variation. If this very small 
valuation be shown consistently in different years by the observations thus transposed 
from the original record, the observations are entitled to be regarded as good. The 
Pekin hourly observations, from 1852 to 1855 inclusive, as printed in the volumes of the 
‘Observatoire Physique Central de Russie,* having been thus tested, were found to be quite 
trustworthy. The lunar-diumal variation derived from them in each of the four years is 
shown in Table CXX., p. cxiv of the second volume of the St. Helena Observations, having 
been included in that volume for reasons stated in page cxxxvi. The aggregate values 
of the easterly and jf the westerly portions of the disturbance-diurnal variation at Pekin, 
as well as the ratios of disturbance at the several hours, are printed in Table CXVIII. 
(p. cxi) of the same volume. The corresponding results obtained by the Kew photo- 
grams between January 1858 and December 1862 are given in a paper in the Philo- 
sophical Transactions for 1863, Art. XII., Table II., and in the same paper (Philosophical 
Transactions, 1863, Art. XII., p. 282) the comparison is made of the Kew and Pekin 
disturbance-deflections, showing that the conical form and single rtmximum which 
characterize the easterly deflections at Kew, characterize the westerly deflections at Pekin 
at approximately the same hours of absolute time. • 

In confirmation of this result a second comparison was made between the results at 
Kew and those obtained from the hourly observations at Nertschinsk in Eastern Siberia 
from 1861 to 1857, printed also in the ‘Annales de FObservatoire Physique Central 
de Russie.* Nertschinsk is almost identically in the same latitude as Kew, whilst in 
longitude it scarcely differs from Pekin. Here also the observations, having been sub- 
mitted to the same test in respect of accuracy, were founds to be eauallv trustworthy: 
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and the comparison of the disturbance-deflections showed a still more perfect accord 
between the curve representing the easterly deflections at Kew and the westerly at 
Nertschinsk at approximately the same absolute hours. 

To this iyshould be added that at each of these stations, as at all others, the forms of 
the easterly and westerly deflection-curves are so distinct that they cannot be mistaken 
for one another : the difference is well shown in figs. 1 and 2 of plate 1 in the “ Rcade 
Lecture delivered in the Senate House of the University of Cambridge in May 1862 : ’* 
the curves there represented are those of the east and of the west deflections at Kew and 
at Hobarton (in Tasmania); and on the same page the westerly curve at Nertschinsk, 
shown in fig. 3, is seen to accord with the easterly curve at Kew, fig. 1. In Plate XIII. 
accompanying the discussion of the Kew observations (Phil. Trans. 1863, Art. XII.), the 
easterly curve at Kew and the westerly at Nertschinsk are also shown in figs. 1 and 5; 
these figures represent the ratios derived from the aggregate values of the respective 
disturbance-deflections at Kew from 1858 to 1862, five years, and at Nertschinsk from 
1851 to 1857, seven years. My purpose on the present occasion is to show the corre- 
spondence between these deflections (the easterly at Kew and the westerly at Nerts- 
chinsk) in what may appear to some a more impressive manner, viz. a direct comparison 
of nearly synchronous disturbances in absolute time in the easterly and westerly disturb- 
ances at the two stations, Kew and Nertschinsk, on the most notable occasions of dis- 
turbance in the years 1858 and 1859. I am limited to these two years because the 
photogfraphic record at Kew did not commence until January 1858, whilst the hourly 
obseiTations at Nertschinsk for 1860 and the succeeding years have not yet reached 
England. 

I have addpted the same characteristic at both stations for the days of most notable 
disturbance, viz. all those days in which twelve at least of the twenty-four equidistant 
epochs were disturbed to an amount equalling or exceeding “ the separating value,” viz. 
3'* 3 at Kew, and 3'-5 at Nertschinsk; the differences from the normals of the same 
month and hour at Nertschinsk being entered in the Table at the close of this paper, 
as those at Kew were in the Table in the Philosophical Transactions for 1863, Art XII., 
p. 274, with which it may be compared. The number of days so characterized in 1858 and 
1859 are at Kew forty-two, and at Nertschinsk forty-four ; a great part of the disturbances 
being on the same days at both stations, but not invariably so, since, as ’ is known, 
“ a disturbance affecting one element at one station does not always affect the same 
element at another station.” In inspecting the Summary at the close of the Table, it 
must be borne in mind, on the one hand, that a very regular progression can scarcely be 
looked for from disturbances occurring in the very limited space of two yearn ; but, on 
the other hand, that 1868 and 1859 were years of maximum disturbance in the decen- 
nial period, and are therefore years of peculiar suitabOity in the case^ of a very limited 
comparison. The aggregate value of the disturbances at Nertschinsk in 1854 was 3497 
minutes of arc, and in 1869 6602 minutes* 

• An inquiiy into the yoenfooizesponding to the epochs of of the decennial vaiiation from 1823— 
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The companson of the contemporaneous disturbances at Kew and Nertschinsk in 1858. 
and 1859, which mre given in detail in the Table at the close, may perhaps be facilitated 
by the subjoined Tables I. and II., in both of which the hours are those of absolute 
solar time at Kew, whilst the deflections arc easterly at Kew and westerly at Nertschinsk. 


Table I. 


SUitioiu. 


6. 


8 . 






14. 

16. 


17. 

Kew 

Nertschinsk 

1 

67 

36 

93 

47 

75 

40 

144 

69 

187 

106 

214 

93 

183 

146 

232 

204 

2o6 

198 

131 

169 

77 

103 

1 

25 

76 1 

1 


Table II. 


Kew Aatronomical Hours. 


Stations. 

18. 

Ifl. 

20. 

21. 

22. 

23. 

1 0. 

1. 

2. 

3. 

4. 

' 5. 

Kew ' 

27 1 

1 34 

33 

1 / 

8 

13 

12 1 

! 69 

1 40 

4^ 

33 

46 

27 

Nertschinsk j 

1 I 

1 

76 j 

79 i 

154 

88 

72 

1 63 : 

1 

32 


64 

20 

25 

1 

16 


It is seen that much the larger proportion of the disturbances at both stations occur 
between the hours of 6 and 17, Kew time. They exhibit a generally progressive 
increase of disturbance, easterly at Kew and westerly at Nertschinsk, from 6 to 13 
hours, and a progressive decrease from 13 to 17 hours, also easterly at Ke\|^ and westerly 
at Nertschinsk. It is at these hours, viz. the hours contained in Table I., that the dis- 
turbances which produce opposite deflections at the two stations, and may therefore be 
supposed to proceed from a source intermediate between the stations, have their prin- 
cipal preponderance. In Table II. containing the hours, also of Kew time, from 18 to 
6, and the deflections still easterly at Kew and westerly at Nertschinsk, we find the 
disturbances at both stations generally lessened in their aggregate amount, as we may 
suppose might be occasioned by the interference of disturbances of an opposite charachT 
proceeding from another and a more distant source. Admitting this supposition, the 
principal operation of the interfering cause does not take effect at the same hours of 
absolute time at the two stations; it appears to be chiefly influential at Kew from 18 to 
23 hours, and at Nertschinsk from 0 to 6 hours. 

I have thus endeavoured to trace consecutively the steps by which the probability of 


1824 to 1853-1854 is to be found in the second volume of the 8t. Helena Observations, published in 1860, 
pages cxxi-cxzzvi. Assuming the period to bo approximately decennial, wo should now (1863-1864) be arrived 
at the fourth recurrence of an epoch of minimum in forty years. Appearances, as yet, seem to favour flie 
recurrence of the minimum at the expected epoch. In 1865 and 1866 and succeeding yean the disturtNUiesB 
diould be expected to be on the increase. 
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a connexion subsisting between the points of terrestrial origin of the disturbances, and 
the Poles or Points of maximum force of the two systems which conjointly determine 
the distribution of the magnetic induence on the globe, has been examined, and to some 
extent strengthened. We have now to await the concurrent evidence which may result 
from a similar examination of the disturbcinces of the Dip and of the Total Force, which 
it is hoped may appear in a continuation of the papers on the results obtained at the 
Kew Observatory. But for the completion of the retrospective view of the progress 
which has been made in developing the theory of the magnetic disturbances, and in 
conducting us possibly to a more perfect knowledge of the general causes of terrestrial 
magnetism than we previously possessed, I must revert to the remark occurring in the 
earlier part of this paper (page 232), that the value adopted for each element and at 
each station to characterize what should be regarded as a disturbed observation, was 
purposely made a constant amount^ with a view to an examination of the relative amount 
of disturbance in different montlis and in different years. It was in this way learpt, as is 
stated in the second volume of the Toronto Observations, pp. xxii and xxiii, that “1843, 
1844, and 1845 were years in whicli the proportion of obsen ations affected by a certain 
constant amount of disturbance was much smaller than the preceding years 1841 and 
1842, or the following years, 1846, 1847, and 1848;” presenting thus the aspect of a 
periodical vanatim of which the epoch of minimum might be assigned to the years 
1843 and 1844, but of which the period or cycle had yet to be learat. The phenomena 
were not peculiar to a single station, but were found to correspond in localities most 
distant from each other : nor were they confined to one only of the magnetic elements, 
but were exhibited by all, each element having its own distinct instrumental means of 
measurement. They were therefore recognized as the indication of a magnetic affection 
common to the whole of our globe, constituting a periodical vaiiation in the amount of 
disturbance in different years. In 1851 and 1852 the aimual ratios of disturbance were 
found to be everywhere decidedly on the decrease, the epoch of maximum appearing to 
have taken place in 1848-1849. The evidence of the existence of a decennial variation 
appearing to be thus complete, its announcement, as a fact of which the knowledge was 
acqu^i^d by a process of investigation specially designed for the discovery of any such 
periodical variation, if one should exist, was on the point of taking place, when a fortu- 
nate incident (the receipt from M. de Humboldt of a proof-sheet of his ‘ Kosmos,’ con- 
taining the first publication of Hopbath Schwabe’s Tabic of the variations of the solar 
spots from 1826 to 1850) brought to my knowledge the existence of a corresponding 
variation in the physical aspect of the sun, precisely similar in period and epochs to 
the terrestrial magnetic variation. The importance of a revelation which gave a present 
apparent connexion, and presented the promise of establishing a permanent connexion, 
between the previously isolated terrestrial magnetic phenomena and the physical affec- 
tions of the central body of our system, could not well be overrated. It was not alone 
the cosmical character which it imparted to a single terrestrial magnetic variation other* 
wise unconnected and inexplicable, — but there could scarcely fail to be impressed on the 
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mind of every reflecting magnetician the possibility, almost amounting to probability, 
that the second system of the terrestrial magnetism, which by the change in its rela- 
tions to geographical space seemed to be distinct and dissevered from the magnetism of 
the earth properly so called {i, e. the collective action of all the permanent magnetic 
particles of the earth’s mass, having its scat in the earth itself), might, like the decen- 
nial variation, be in truth assignable to a cosmical origin. The movement of translation 
on the earth’s surface of the second system, and with it the whole phenomena of the 
secular change, would thus be regarded as belonging to, or being part of, a cosmical 
variationi It has, indeed, all the characters befitting such a relation, besides appearing 
inexplicable on any other hypothesis : we do not, indeed, yet know the duration of this 
far longer period, nor arc we able to trace its course by visible signs on any of the 
heavenly bodies, as we trace the decennial period by the changes in the magnitude 
and frequency of the sun-spots. We infer its existence only from the terrestrial mani- 
festation afibrded by the secular change in the magnetic elements. 

The “ Terrclla,” by which Halley figured to himself a cause capable of producing 
phenomena of the order and regularity of those which his laborious and extensive 
generalization had disclosed to him, has n(*ver, I imagine, found favour as a probable 
physical reality. Viewed simply as an illustration of the systematic arrangement, sym- 
metrical progression, and exceeding regularity of the effects^ and the consequent neces- 
sity for the admission of qualities of the same order in the causes^ of the terrestrial 
magnetism and its secular changes, Halley’s Terrclla had its proper value; and it 
would have been well if the lesson which it inculcated had received more considera- 
tion than it has done from those who, more than a century after his publications, have 
attempted to explain the phenomena of the progressive magnetic change by accidental 
or adventitious variations in the superficial temperature of the globe or of its atmo- 
sphere, or in the occasional development or protrusion of magnetically attractive or 
repulsive rocks beneath its surface. The order and harmony of the facts manifested by 
the researches of a much earlier date had already eflectually removed them from the 
category of partial or accidental occurrences. The symmetry of their general distribu- 
tion, the counterpart to each other presented by the phenomena of the northe^i and 
southern terrestrial hemispheres, and the regularity with which the periodical changes 
take place, indicated a systematic causation which, obscure as it might be, was obviously 
anything but fortuitous. And when to the increased knowledge of the general pheno- 
mena acquired in the last and present centuries, confirming and extending the previous 
conclusions, was added the evidence obtained by the observations of the British Colonial 
Observatories, that the secular change is progressive in the extremest seme^ that each 
week shows (and that if the means of observation were sufficiently refined it is more 
than probable that each day would show) an exact aliquot part of the annual change, 
the conviction became almost irresistible, that the causes which produce such remark- 
able effects can only have a cosmical origin. 

The objections that might have impeded the reception of such an hypothesis before 
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we had leamt to recognize in the sun itself a source of magnetic energy, — ^before we had 
been informed by the sun-spots of the existence of periodical variations in the physical 
aspect, and consequently in the physical condition of that luminary, — and before we had 
succeeded in connecting these by their identity in period and epoch with the magnetic 
variations of our terrestrial sphere, — are no longer tenable. The solar origin of the 
variations in the magnetic phenomena of the earth’s surface is indeed legitimately infer- 
rible from their correspondence to solar hours ; but in the decennial cycle, discovered 
in the solar sjiots and in the terrestrial magnetic disturbances, we have the absolute 
evidence and the ocular demonstration of a periodical variation common to the sun and 
to the earth, which in the sun is cognizable by our visual organs, and which, in the case 
of the earth, wo know to be a magnetic variation. 

We do not, as yet at least, possess a similar ocular demonstration of a connexion 
between the sun and the earth in the cycle of longer duration corrt'sponding to the 
earth’s secular magnetic change. But careful observations of the? variable phenomena 
of the sohu* disk can only be said to be in their commencement ; and it would be pr(*ma- 
ture to assume that no visible phenomena will ever b(‘ discovered in the sun which will 
render the evidence of connexion as complete in the one case as in the other. But such 
evidence is not a necessary condition of an existing connexion; the decennial period 
would have been equally true (though not so readily perceived by us) if the sim-spots 
had been less conspicuous. * 

In the cosmical hypothesis here imagined, the north “ pole or point of greatest 
attraction” (adopting Halley’s phraseology) of the induced terrestrial system at this 
<‘poch is in the north of the Europaeo- Asiatic continent, whilst that of the magnetism 
proper of the globe is in the north of the Amerit:an continent ; the direction of the 
magnet “ in those parts which lie tidjacent to eitlier being governed thereby, the nearest 
pole being always predominant over the more remote”*. 

In the references made in this paper to the existence of a Theoi*y of Terrestrial Mag- 
netism, and to the advantage which I have myself endeavouri'd to derive from it in 
guiding experimental inquiry, I Avish it to be understood that I employ tlie term 
“ Theory,” and regard its office in the work of inductive rcvscmrch, in the same light in ’ 
which both were viewed by the late Professor Playfair. “ In physical inquiries the 
work of theory and observation must go hand in hand, and ought to be cjirried on at 
the same time ; more especially if the matter is very complicated, for then tlie clue of 

V. 

• I have recallod those words of Hallby in tho text, because they show that ho already reoojrnized what has 
since been dwelt on by other niagneticians, viz., that wo must discriminate botwocu the /nu’ polrs or points of 
greatest force of tho terrestrial and induced sysUws, and the apparent poles or centi'ca of the isodynamic loops, 
which are the resultants of tho double systtim. It is not improbable that tho further obseiTution and study of 
the magnetic disturbances, when those of tho three elements are brought to bear tt)gethor on the (juestion, may 
guide us directly to a knowledge of tho geograpliical positions of tho tnie foci, as distinguished from the resultant 
foci. Wo have now leamt experimentally, i. e. by the observations of Captains Maouirk and M'^Cuntock 
(P hil. Trans. 1803, p. 657), that the resultant foci are not themselves the points of origin of the disturbances. 
MDCCCLXIV, 2 L 
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theory is necessai'y to direct the 
observer. Though a man may 
begin to observe without any 
hypothesis, he cannot continue 
long without seeing some gene- 
ral conclusion arise;; and to the 
nascent theory it is his business 
to att(;nd, because by seeking 
either to venify or to disprove 
it, he is led to new experiments 
and new observations. lie is 
led also to the very expcriiiu'nts 
and observations that are of the 
greatest importance ; namely, 
to tliose ‘ hiataiitiw Cruris ’ that 
naturally present themselves for 
the test of every hy[)Othesis. 
By tlie correction of his first 
opinion a now approximation is 
made to the truth, and by the 
repetition of the same [irocess 
certainty is finally obtained. 
Thus Theory and Observation 
mutually assist one another ; 
and the spirit of system, against 
which there are so many and so 
just complaints, appears never- 
theh'ss as tlie animating prin- 
ciple of inductivt; investigation. 
The business of sound Pliilo- 
sophy is, not to extinguish this 
si)irit, but to restrain and direct 
its efforts.” 








04 o 




04 o 

j=i6in 


*54 p 

^ 


O 


04 O 


,p , ;^©p 

:Q4::e00404;'^; 04;:04 


^ • «r___ * _*> 

p p p p . ^ 


: 04 <o eo eo CO 


: CO 


<30 


* ► 
CO 
: CO 


' ^ St St H 

^ ■ 

St’ St* * 

St * 

► 

■ St‘ 

P P 04 © -^ 

i P P © © cb • 

P © p 4 ^ 

04 P <f 4 P ! 

cp 

©4 

. 9 
• © 







‘ St H St w 

^ ‘ 

ft St St 

S^ * 

ri * 

• • 

. .99 . 

« ^ p p 


© 

9 

* : :Pco : 

: © CO CO CO 


« : 

: 0 * 

• * St* >* • 

St 

it it St 


St' • 

* Bt 

p © p © 

4 ^ 

CO © 


« 

p © 

- - 04 © P ^ 

: 

: p <54 

: : 

p cb 

; P cb 

‘ St St St St 

* St 

* St* St 


^ St* 

■ if ^ 

-^ © p op 


04 



.^9 

-04 cb ; 

; ^ 

; ^ ; 


CO 04 

; CO © 

it it it St 

• St* 

* St* * 

* •* 

^ if 

• ^ St* 

p © ^ p 

cp o 

P -4 © © 

© 

'04 © W © 

: 04 

: cb p 04 

: ^ 

St St St St 

it 

et • • 

' St* 

St* si 

' * 

p p p p 

CO oo 


4 >» 

cc 

. 9 

"CO © W 4 >% ; 

© © 

: fiO 

: 

: to 

: : 


p o 

^ lO eo 

f— 


04 O 


^ SC St ' St ^ 


X) 


>>* 00 ''i* lO © © ^ 04 CO •— CO »o '© © © lO 
^ ^ ^ M p.« ON Oi 04 04 Ol I-H .piirtp -40101 


•c 

Oi 


S-3 


O. 


04 © 


04 © 
pC © 


04 © 
O CC 


04 p 

^ © 4^ 


^ p »- p p“p ip 

st^ststststitiew 
' 04 ’»p 4 ^'© p p p 
^1© SO eb 4^ O CO 


"O OI * 

: lb OI 


^ * * ' it 

> ' '< 

^ © ' 

■gS §•§ 

' QO "(©>>* 

: 04 cb w 


* St et ’it ^ it St St 

4^p p p p p p 

•cb^^^‘ tb cb ^ 


ItitStStstitStit ■ ‘fe^Etit 

■ cp p p 

Mcbcbcbkbib© ;<^^:b"V© 

^ St St !f St it ‘ St it St it 

'p^ p^ppp 

^ib •b 4 4 ^ebcbcbtb jcbeb^eb'^ 

^ it it it if St St ■ St St St it it_ 

4< 4^ •T" ppXp'^pp© 

^ j : »b cb 4^ © 04 cb '^1' ^ CO <34 

' H St St St St St M if it St ft it 

<^ © •^ 04 P P P © ^ 

;4^b4©’ircow -©^ : 

‘ * * ‘ St M_|t St M it * it St it St ' 

“ 4 ^ CO 4 ^ p 04 © p 'p 'p T* *!? 

’%| 04 cb€b©i -04 • -^04 * 

' St H St St M ‘ it H St H i t ’ * w St 


St it St 
to ^ © 
© 4^^ 

if if if 

CO ^ © 

4^04 ^ 

^ Bf ti 

“qO 

^ : : 

_ _ *_ 

p p 4 > 

^ 


0 ) 


<M p 
© © 

99 

pS 4 ^ © 

: p © © © p , 

V : • © '^ © p : p 

^ * St it u u ’ M 

4 ^ © p © © © © ' . 

».© © -^ p "^ © ’^ ^ : 

H St* H St St M St St* 

9 . 

© : :© 

U * * H 

9 9 T* 

p p M 

M p 4 H 

9 .'?'9 

CO : © © 

it* * St* c 4 

© ^ ^ p 

cb cb w 

St hI St H 

'?'9 
js «o ■«• 

p © © 

' i<»w : jS I i i 

’ St* rf * • w • • ' 

P P-* p © 

^ cb p © 

h! M tJ 

© © © 

: © <54 © 

* Hi St i 4 

04 © 

^ © © 

^ © p© — 

^ : 

t 4 *Hbj|UlE 4 

© y 

eb '<b : : 

H pd * * 

© 4 >» p 

© © : © 

* 

P © 
pfl ^ P 

r . .9 . 

;W : 2 t 

t 4 ■ * • Hi 6 | • rf • 

* H St * 

© »^ ^ © 
9 p p © 

fi 00 pi ti 

P © 
ja cb 

© © © © 

Mi 4 : p p : © cb 

H * d 4 ' i 4 c 4 * 

ill : 

’ M M * 

ob p p © 
© p© © 

Hi M »l 


1 op p © © “W 

“799 

.r .9 

99 

1 >. : :p'< 4 > :©© • -p 

: © be 

:© : © 



J J 



' ' H »i * i 4 p 4 ' ‘ 

• • p 4 i 4 



04 < 

JS3 pb i 


59 

p© 6© 


LiO 


^10 jdi jobeb^^ : •< 


04 

:<n 


M ’ ti ^ 

. ... . 


• t 

:04 

= ''li 


" Oi " 
; «0 ^ 

* i4 ^ 


* M • 






. js d s a * ^ a* * ii d d a • d si 

i..! 

rr 





Astronomical Hours. 


MAGNETIC DECLINATION AT KEW AND NEETSCHINSK 


S3 


Mop 9 


opi^ I 9 

I K 


i-H to 9 

'2^ 3S 


1 :^ to to 

© © X 

© <N © j 

: © 01 


: 

: '^ 1 ' ^ 


SiS s 



© tXi 

© © © 

X t>» © 01 


© © 

t>*© © 

01 © 

.CM 01 

• bi bi • • 

■ bi • X © cb © 


cb cb : 

: bi bi bi : 

.cj © © 








if’ if' 

if if if 

’ w ' if M if &t 


&: if 

* &t ^ if ‘ 


1 '«f 

f © ’^ © 

<M f X l'* ^ 


»o 01 


<N 9 

.Ol © <M © • 01 Ol • 

• © • X rj* © © 

. cb 

; cb bi 


.0 cb 01 








sf 

^ ^ w 

' M * 5 ? if if if 

' ^ 

' if iff 




(MX — 

X '^ '^ © © 

X © 

© 

X 

(M © 

-© © 

' bi • bi • 

• bi • © ^ to © 

• cb bi 

. . cb 


.G A 



: ^ oi 





if* if 

' if if ■ w ■ 

Bd u bi if :f 

iff bi 

‘ if 

• * if* • * 


© 

.-< -^ © 

01 ^ Ol X 

f X X © 

© 

<N © 

- • Ol 

• © bi • • 

; © - © • X 

■ »b cb to 

: : : 

pG to © 



: : : 





' 

* if if if ■ 

■ bi iff ■ it if 

it w 

it if ^ 

. . ^ . , 


1 w 

oi©'^©©©©x©o©'^©x^''to©©© 

— © -^ 01 'b 


.01 © (M 01 01 © 01 

^ 01 © 

Cl 

^ 01 

01 


© 

3 ^ 

"2 fe- 

0 • 

«=! Pu 


0 

i s 


-"a 

*< s 



0 

ft 


1 © © ^ *— © l-N ^ 

X to © © © '-^ ' 1 ' 

© 

© © 

'7 br«7 9 7t 

<M 9 

^01 01 X • 01 t>% 01 © Ot ’^ © 01 © © Ot © OC ; 


bi cb © © 

.G to © 







•-* 01 

it if 

it ’ if & K if 

if bi if if if if if 

if if 

if if 

J^if Sf_it if 

1 

© 

tb © »-^ X X © 

Oi © to © Ol 

©oixi^x©7^xt^9© 

9 9 

~bi 

©oi'i'^©oi©©© • 

©'^©x©©©'^’^bibi 

X oc 








T 9 '’P •> 9 . 9 ^ 

cb«5'^CO^(N(>|tO ;tb<b : 
Sg if w if Ec w M * if if 


9 9 ^ i 9 ^ 9 •- 9 


O) * 7 - 

: CO : -CO 


* ij: if _* ‘ w w if if BS if at Sf St ^ 

o cocpw'^ 9 9 9 9 *7 oo 

;^<Neb^'^ :<Ntoeb‘b'^fco 


*if * 'if ifwifww ’{f^ififlfwifif 

9 ^ y O “co 9 9 9 9 9 9 7* ep 9 

•oitocb ;W 


^9 w 

-cb to o> 


99 cp 

6 i 

Ol to t'* 


99 X 

cb ^ 

CO to O 

“"oTc; r 
S3 4 D* 


X 9 

9 

X ^ 

'bi X 

© 

© © 
© © 

X :» 

X 

© 

: X 

cb 

33 

: 9 

© 

X ^ 

' i- 


cb 

Ol 

:9 

9 

F^ F.F 

:© 

© 

B © 

© X 

© 9 
X© 01 

9 

X 


9 9 


9 9 


■ w ^ ^ 

0 0^ 

to : to to 

M if 

^ 9 / 

to ; O : 


HUH 

..... 

: 

M tf t 4 
;^oi 9 

raibcb : 


__ M_ M S_ 

" 9 9 QC '7 9 

• • ^ ^ 01 cb to 

'uMuStif 

■“ 9 C ^©9 7 - .9 9 

: to c« cb w : to 6 > 

* H bi od H (ti 1 

«>• o 10 © ‘ t>. to 

* 6 ^ ^ cb ; to 

* M H « td [_|t Bt 

9 9 '^9 7 * <p*< 

: to ^ CO i : Mj < 

* Bd pd H H M ' * [' 


;_w w if if if if if>_ 

^ (N © CO w 

to to db ^ In : 

H H if if i f • cd * 
99 ^ ^ ^ < 


H U 

Sf H if 

© t^t> 

999 9 

; bi 1^ © : 

;Q1 © t«xOl 

’ bi bi H 

H H bC H 

01 © X to 

. .9 . .r 

b«blX^ ; 

: ;01 : ;© 

' ^* bl M* bi * 

’ • rf • * ^ 

;9 79 9 —' 
:oigoi 

' xcp 7< ‘ 
|bxbi :© 1 

' i * ad bi id 

' bi bd * bd * 

9 9© 

; 01 • ; ^ 01 

H $r 7^ 9 X 
•cb ©'♦x ^ 


c^to 9 

>wtb 


f-^Oi 9 

'S5 a 


9 CO CO 
CO X 9 « 


© X 9 

'83 2 


'33 8 


fx to © 

ijR 3 


© © 9 

8 ^ S 


© © © 
Is 2 


^-r r 
*8 3 


© © 9 

^8 3 


©© 9 

'82 3 


^00 
'©© ^ 


99 9 

ISS s 


^ to 

'S& 2 


*3 i 


©9 

'^S s 


8888«8'*S* 


•c“.a I ® 






















[ 247 ] 


VII. Theoretical Considerations on the Conditions under which the {Drift)* Deposits 
containing the Remains of JEsdinct Mammalia and Flint Implements were accumu- 
• lated^ and on their Geological Age. Joseph Pbestwich, F.B.S.., F.G.8. 

Received March 20, — Read March 27, 1862. 

On the Loess of the Valleys of the South of England^ and of the Somme and the 

Seine. By Joseph Pbestwich, Esg.^ F.R.S.^ F.G.S. 

Received May 15, — ^Read June 19, 1862. 

[Note. — B y permission of the Council of the Royal Society these two papers have been incorporated. At the 
time of reading the first paper, the author felt difficulties respecting the origin of the Loess, which led him 
to defer the consideration of the subject. When ho afterwards brought forward the second paper, 
it proved so clearly complemental to the first, that the rearrangement of the two became desirable and 
almost necessary. This has also enabled the author to shorten both papers. The main portion of the 
second now appears in § 4. The bracketed remarks in the Introduction are inserted in consequence of 
a suggestion made to the author that it would bo desirable to state in what respect the views advocated 
by him differ from those previously brought forward. Returned May 21, 1863.] 

§ 1. INTRODUCTORY REMARKS. 

In the paper I had the honour to lay before the Royal Society in May 1859f, on the 
occurrence of Flint Implements in France in England associated with the remains 
of extinct mammalia, I postponed the consideration of the theoretical questions involved, 
to allow time for a more complete investigation of the physical phenomena. The facts 
I sought on that occasion to establish were, — 1, the artificial nature of the Flint- 
implements ; 2, their occurrence in undisturbed ground ; 3, their contemporaneity with 
the extinct animals ; and 4, their postglacial origin. Subsequent researches by myself J 
and other geologists have confirmed my views upon these several points • 

When I first visited Amiens in 1859, the opinion I formed was that the St. Acheul 
gravel-beds were deposited before those of St. Roch, and that the excavation of the 

* The term “ Drift ” has been hitherto used as a convenient expression for the superfici^ beds generally ; 
but as the relative positions of those bods are becoming better determined, we shall now be able to drop this 
term and introduce others of greater precision. 

t Philosophical Transactions, vol. cl. p. 277. See also Mr, Evans’s paper, Archoeologia, vol. xxxviii. p. 280. 
t Joum. OeoL 8oo. vol. xvii. p. 362, where the various localities are mentioned. 

§ FiiOWXB, Quart. Joum. Geol. Soc. vol. xvi. p. 100, Juno 1869. OA.TmKr, Comptes Rondos, Oct. 1859, p. 465. 
G. PoucHsx, Aotes du Mus. d’Hist. Nat. do Rouen, 1860, p. 33. L’Abbd Cochbt, Mdm. do la Soc. d’Emulation 
d’AbbevUle, 1868-61, p. 607. Evans, Arehmologia, vol. xxxix. p. 6, 1861. See also Sir Chakibs Ltbll’s 
A ddress at the Aberdeen Meeting of the Britfeh Association, Sept. 1859 ; Mr. Lbonabd HdaNsa’s Anniversary 
Address to the Geol. Soo. Feb. 1861 ; Sir Rodbriox MvnemsoK’s Address, Brit. Assoc. Sept. 1861. 
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Somme valley was of intermediate date ; but I hesitated to adopt this view until facts 
could be obtained for a surer decision. The upper section at Montiers, however, which 
I discovered in 1861, was conclusive as to the relative ages of the two gravels. 1 
had further considered that, supposing even this relation to be established, it was possible 
for the excavation of the valley to have been partly the result of some exceptional 
agencies, by which ftie interval of time between the formation of the beds of St. Aclteul 
and those of St. Roch might have been shortened. But after repeated visits to the 
several districts during the last three years, and looking at the question from every 
point of view, I find myself unable to discover a sufficient explanation in the direction 
in which I first sought for one, and have been led to form conclusions respecting the 
causes in operation differing considerably on some points from those I at one time 
thought to be the more probable. 

[A few very brief remarks on the opinions hitherto held respecting the position and 
age of the deposits of this class may here not be out of place. In my former paper 
I showed that the flint-implement-beaiing beds were of later date than the Boulder 
Clay, and that at Abbeville the latest of them passed directly under the recent alluvium 
of the valley of the Somme. They thus occupy a definite geological period, which yet 
remained to be studied as a whole. The quaternary deposits in general, of which these 
beds form part, had long been the subject of my special investigation. The various 
drift-gravels had been regarded, — 1, as being of marine origin ; 2, as due to cataclysmic 
action; and 3, as of fluviatile origin. In one place we had marine shells, at others 
freshwater shells. But as the greater number of the gravel-beds were without fossils 
and occurred at very different levels, it was a long-debated question how they should 
be correlated. Palaeontologists too were of opinion that the fossils indicated different 
ages, so that the freshwater deposits in a single valley, like that of the Thames, were 
held to be of independent and not synchronous formation*. On the palaeontological 
evidence, the beds of Grays were generally supposed to be pliocene or preglacial^ a view 
maintained by Sir Charles LvELLf until 1867, when he expressed uncertainty as to 
their age. Other beds in the same valley, as those at Brentford, were considered by Sir 
Chaises to be newer than those of Grays. On physical grounds I had long been 
satisfied of the contemporaneity of these deposits, and contended for their posteriority to 
the Boulder Clay. Professor Morris and Mr. Trimmer had also arrived at very similar 
conclusions, and were both in advance of me in attributing the phenomena to old river- 
action, but neither they, nor, as far as I am aware, any other; geologists had attempted 
to make the rule general ; nor had they taken in the high-level gravels, or the Loess, a% 
belonging to the same series and as part of the same phenomena. When, further, I found 
similar land and freshwater shells at Hurley Bottom and other places in the Thames 
valley, the different deposits, showing the same conditions, became readily correlated.' 

• Fobbbb, Mem. Geol. Survey, voL i, pp. 393, 395 ; Seakibb Wood, Trans. Falaiont. Sec. for 1848, p. vi. 
and 1856, p. 304 ; WoonwAU), Manual of the Mollusca, p. 298 ; ,and others. 

t Manual of Elementary Geology, 5th edit. 1855, pp. 153, 164, and Supplement, 1857, p. 5. 
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But although it was evident that there were old land 8ur£sce8 and possibly old rivers, 
there was no evidence that any supply of water could have existed to fill such large 
valleys ; and the present streams seemed totally inadequate to have spread out such vast 
beds of gravel and sand, by far the greater |^art of which are also without organic 
remains to indicate their origin. Sir Charles Lyell, who advocated the fiuviatile origin 
of these lower valley-gravels, considered that it would be “ a rash inference” to conclude 
“ that rivers in general have grown smaller, or become less liable to be flooded than 
formerly” ♦. This view, more or less modified, was held also by many other distinguished 
geologists. I could not accept it, because it seemed to me that to form such beds of 
gravel some greater water force must have been in operation than that which now 
obtains ; at the same time, the hydrographical basins and the watersheds being the same 
as they were at that Quaternary period, I did not see whence the larger supply of water, 
which seemed to me indispensable, could have been obtained. 

That valleys have been excavated by rivers was the hypothesis brought forward by 
Hutton and PiAYPAiRt. It has been frequently advocated since ; but the opinion has 
made little progress, owing to the absence of proof of how such an operation could have 
been effected, and to the insuflicient physical and palisontological evidence. The subject, 
as far as regards Auvergne, was ably touched upon by Mr. Poulett ScropeiJ; in 1827, 
and discussed and argued more fully by Croizet and Jobert^ in 1828. Some remark- 
able cases were described by these geologists, to show, from the position of old shingle- 
beds preserved under masses of basalt, high above the present rivers, that the rivers 
in that part of France had excavated the valleys in which they now flow ; but the 
cause of such phenomena remained unexplained, and the date undetermined. 

Mr. GoDWiN-AysTEN showed, so early as 1837 1|, that in Devonshire there were ter- 
races of gravel flinging the valleys; and in 1851 and 1855% in correlating these and 
other quaternary deposits, he considered that the ancient low-level alluvia of the Thames 
and Seine valleys, and the old beach and the Elephant-beds of Brighton, were anterior 
to the Boulder Clay, and he was further of opinion that river- and ice-action had played 
an important part in producing these valley deposits. Sir Charles Lyell also discussed 
with his usurI^ ability the question of the origin of valleys, and of ancient river-alluvia 
and river-terraces, both in his ‘Principles’ and in his ‘ Elements but without 
attaching to the phenomena the importance I would show them to possess in such 
valleys as those of the Thames and the Seine. He was rather disposed to attribute the 
erosion of some lower parts of the valley of the Seine to sea-actionff. Mr. Trimmer}} 

• Op, eU, pp. 70 & 84. f Theory of the Earth, vol. ii. p. 401. 

t Memoir on the Geology of Central Prance, let edit. pp. 163-4. 

§ Oeeemena PoedUes du dept, du Fny-de-Dome, pp. 66-88. 

II Trane. Qeol. Soo, 2nd series, vol. vi. p. 439. 

f Q. Joum. Ged. Soo. vol. vii. p. 136, and vol. adii. p. 40. 

*• Qp. eU, p. 86, and Principles of Geology, 9th edit. pp. 219 484. 

“M* *• Op, eit, p. 269 ft 271* Quart. Joum. Geol. Soc. vol. ix. p. 286. 

2m2 
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noticed the existence of terrace-gravels in the Thames valley, but explained them by 
alternate movements of depression and elevation*. 

Sir R. Murchison also described at length some of the Drift phenomena of the 
South-east of England, more especially of the Wealden area. This distinguished geolo- 
gist arrived at the conclusion that the heaps of detritus and angular debris following 
certain lines on the borders of the Wealden area, and found also in the Thames valley, 
result from the action of waves* of translation passing from west to eastf, and that the 
fossil mammalia (at Folkestone) were destroyed “ by violent oscillations of the land, and 
were swept by currents of water from their feeding-places into the hollows where we 
now find them”f. Mr. Hopkins, in reviewing the question of the Drift, agreed with 
Sir Roderick in supposing that the Wealden area has been traversed by waves of trans- 
lation and in attributing to such agencies much of the Drift phenomena. 

The observations of the distinguished naturalist the late Professor E. Forbes, 
recorded in his Anniversary Address, in 1854, to the Geological Society, express the 
then unsettled state of the question relating to the Drift || ; whilst the opinion hitherto 
commonly held with regard to the range in time of the large mammalia is manifested by 
Professor Phillips and so many other eminent writers on the subject having restricted 
them to the preglacial period. 

In France similar differences of opinion have prevailed respecting these particular 
quaternary deposits. The views generally adopted, however, with regard to the valley- 
gravels have been that they are the result of diluvial action, caused by waves of transla- 
tion, or by cataclysms arising from the bursting of lakes, or by the sudden melting of 
the snow on mountain-chains. The deposits of this age in the valley of the Seine and 
other rivers in the North of France are usually classed under four divisions, viz. Loesa, 
Diluvium rouge (part). Sables lacustres^ and Diluvium gris, each being regarded as of 
separate and distinct origin, and the two diluviums referred to cataclysmic origin •*. 

Thus there were two extremes; I have been led to adopt an intermediate course. 
I could not admit the possibility of river-action, as it now exists, having in any length 
of time excavated the present valleys and spread out the old alluvia ; neither was it pos- 
sible to admit purely cataclysmic action in cases where the evidencef^of contempo- 
raneous old land-surfaces and of fluviatile beds were so common. But with river-action 
of greater intensity, and periodical floods imparting a torrential character to the rivers, 
the consequences of the joint operation are obtained, and the phenomena admit of 

* The occarrencc of old rircr-terraccs along narrow valleys is one of the features earliest noticed by geolo- 
gists, but these are quite distinct from the great and isolated beds of gravel capping the adjacent lulls, 
t Quart. Joum. Geol. Soc. vol. vii. p. 361, t Ibid. p. 386. § Ibid. vol. viii. p. li. || Ibid. vol. x. p. xliii. 

If Manual of Geology, edit. 1855, p. 408. This opinion held good till 1859 and 1860. 

** An excellent renune of this subject is given in M. n’AacniAc’s * Frogr^ de la Gdologie,* vol. ii. pp. 1-4, 
154-221, 421-433. See also Axsteb’s ‘£lem. Course of Geol.’ 2nd edit. 1856, p. 416 et aeq.; D’Okalius 
D’Halwv’s ‘Abr^gd de G^l.’ 7th edit. 1862, pp. 228-38, 449, 478 ; and a paper by M. Cfl. n’OBBioxT (fol- 
lowed by one by M. LETxeaiE) in Bull. Soc. G^l. 2* scr. vol. xii. p. 1297-1304, with observations by 
M. Hkbert and others } and another by M. Butkux in vol. xvii. p. 72. 
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more ready explanation. I long since had proposed the separation of the gravels into 
the high-level gravels and low-level gravels, and shown that the former were older 
than the latter. I was, however, at one time disposed to adopt in part some of the 
views of M. Elib de Beaumont with respect to the operation of cataclysmic action in 
preference to the slower action of rivers ; but further research, and the discovery of 
land and freshwater shells in so great a number of low-level gravels, and in some of 
the high-level gravels, and especially the striking evidence eventually afforded by the 
beds of St. Acheul, and by the higher-level gravels around Paris*, satisfied me that 
river-action peculiar to each valley commenced with the high-level gravels, while the 
mass of debris and the large blocks present in the beds indicate the action of a large 
volume of water and of ice-transport. Further, I was ultimately led to connect the 
Loess with both series of valley-gravels, and the frequent independence of the former, 
which at first seemed an irreconcileable difficulty, finally proved an important auxiliary 
fact ; for the separate range of this deposit now serves as a measure of the old flood 
waters, and of the extent of the river inundations during this quaternary period. 

I conceive that the hypothesis brought forward in this paper gives consistency to the 
whole subject. It brings down the large mammalia to a period subsequent to that when 
the extreme glacial conditions prevailed, and closer to our own times ; it places all the 
old river alluvia in the same period, and groups together the previously isolated fluvia- 
tile beds of Grays, Brentford, and other places in England, together with the Loess 
and various “ Sables lacustres” and “diluviums” (part) of the French authors; it con- 
nects the great platform terraces of gravel skirting so many of our river-valleys with 
the same period, and makes the connexion between these, and the excavation of the 
vallej^s themselves and the formation of the Loess, dependent upon one prolonged and 
uniform set of operations, in accordance with the climatal conditions and necessarily 
resulting from them. — May 1863.] 

§ 2. GEOLOGICAL POSITION OF THE FLINT-IMPLEMENT-BEARING BEDS. 

In almost every instance the flint implements have been found in beds of sand and 
gravel along the line of existing river-valleys, — in some cases but little above the level 
of the rivers, in others on adjacent hills at heights of from 30 to 100 feet above the 
river. In these valleys one series of gravel-beds is spread over more or less of their 
breadth, rising occasionally on their flanks to a height of 10 to 30 feet, and ranging 
throughout their length, though constantly obscured and hidden by recent alluvial 
deposits. The lower ranges of hills which flank these valleys on either side are occa- 
sionally capped by other similar gravels, but which, so far from being continuous like 
the lower-level beds, occur only at intervals, and there are long tracts without any such 
drift. The higher gravels are also generally separated from the lower gravels by a bare 
sloping surface, whilst they rarely extend far from the valley and never reach the tops 

* This svidenoe is, with a few rate exceptions, wanting in the hi^-level gravels of England. 
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of the higher hills. The two series bear nevertheless a definite relation one to the 
other. They both consist of debris derived fi‘om rocks in the valleys through which 
the present rivers or their tributaries fiow, and they both occasionally contain organic 
remainS) of which the greater number of species are common to the two. Both series 
may be considered as “ valley-gravels but for the sake of distinction I purpose calling 
that which occupies the bottom of the valleys, and reaches to a comparatively small 
height above the river-level, the “ low-level valley-gravels,” whilst to that found on the 
adjacent hills, I would apply the term “ high-level valley-gravels.” The height of the 
I latter above the valley is variable ; and though generally limited to one main platform, 
it is not always on the same level, and there are cases of minor intermediate terraces 
between the extreme levels. The heights are of course relative one to the other, and 
not directly to the sea-level. 

Valley of the Waveney , — The levels recorded in my former paper establish the fact 
that the fiint-implement-bearing deposit of Hoxne is at a height of 40 feet above the 
Gold Stream, and 60 feet above the Waveney, of which the Gold Stream is a tributary. 
Mr. Evans and 1 found a very similar deposit, also overlying the Boulder Clay, at Athe- 
lington, a few miles higher up the valley of the former stream. In following the course 
of the Waveney, from above Diss to the sea at Lowestoft, terraces of gravel are found at 
distant intervals on the adjacent hills. They never extend far from the valley, and the 
intermediate higher but fiat ground between the river-valleys invariably presents bare 
tracts of Boulder Clay. It is particularly between Diss and Harleston that these terrace- 
gravels are best exposed, and where I have determined with some care their extent and 
development (Plate V. fig. 3). I have found them on the right bank of the Waveney, 
at Stutston Common, Oakley, and Shotford Heath, lying upon the Boulder Clay ; and 
on the left bank at Scole, Billingford, Thorpe Abbots, and Needham. Thence to tlfe sea 
they may be traced at intervals on both sides of the vaUey ; but they seem gradually to 
fall to a lower relative level. At the places above mentioned, on the contrary, they occupy 
a tolerably regular level of from 40 to 60 feet above the valley, are from 6 to 12 feet thick, 
and rarely exceed a quarter of a mile in length, or more than 200 to 400 feet in width. 
They consist chiefiy of a mass of subangular fiints, with pebbles of siliceous sandstones 
and of the older rocks, in a matrix of ochreous sand and clay. No organic remains have 
been found in them. The low-level gravel is not often exposed, being generally covered 
by^ alluvial deposits. It may, however, be seen at Oakley and at Needham, and has 
been reached at various places under the recent alluvium of silt and peat. Care must 
be taken to distinguish these gravels from those which underlie the Boulder day in this 
district. The latter are more sandy and far more distinctly stratified*. They may be 
seen in superposition in a pit on the hill above Oakley Street ; in' contact with the high- 
level gravel at Needham near Harleston, and at Moor Bridge near Hoxne ; and lying on 
the Boulder day at Thorpe Abbots. The following section, taken across the valley 

* Tho great number of pebbles of white quartz is one of the chief features which lerves to distingaidi file 
gravel under the Boulder day from the vslley-gravels. 
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of the Waveney between Scole and Hoxne, shows the relation of these gravels to each 
other, to the Boulder Clay, and to the surrounding district*. 


Fig* 1. — Section across (he Valley of the Waveney ^ near Hoxne. 
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a. Alluvial deposits. e. Low-level valley-gravel. d. High-level valley-gravel. 

Traces, but somewhat indistinct, of Loess exist<*on the gravel rf, and on the slopes of the valley. 

1. Boulder Clay. 2. Sands and gravels under the Boulder Clay. 3. Chalk. 

The dotted lines here and in the other sections show the presumed old surfaces. 

The higher valley deposits assume in the tributary valley of the Gold Stream at 
Hoxne a more lacustrine character. The lower-level gravels may be seen in the field 
opposite the Swan Inn, overlying the sand and gravel of the Boulder Clay series. 

Valleys of the Ouse and Lark ^. — In the main valley of the Ouse at Bedford eight 
flint implements have been found under circumstances which admit of no doubt of their 
geological position ; and at Icklingham in the valley of the Lark, a tributary of the same 
river, two specimens have been met with, which, although not discovered in sitUj there 
is good reason to believe came from the high-level gravel J. In descending the valley 
of the Lark, from Bury St. Edmunds to Icklingham, Mr. Evans and I found it flanied 
by low ridges of gravel rising from 20 to 30 feet above the valley, and these again com- 
manded by higher ground formed of the Boulder Clay. In a pit at Flempton I found 
in the gravel a fragment of bone, and remains of the Elephant have been met with at 
various places near Bury St. Edmunds ; but we saw no traces of shells in any of the drift- 
gravels or sands of this district The section of the valley is as follows : — 


Fig. 2. — Section aa^oss the Valley of the Larky near IMingham . 
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In the valley of the Ouse at Bedford (see fig. 3) I have been unable to detect at 

* The scale of height in these and all the following river-vaUey sections is 1 inch to 400 feet. In the hori- 
xontal scale 1 inch equals about I a mile (except figs. 4 dc 6). The base-line gives the sea-level approximately. 

t I originally made a section of the valley of the Ouse at Bedford in 1854, and then determined the relation 
whidh the wdl-known mmmpali&rous gravel of this vaUey boro to the a^acent Boulder Clay. The number 
of fossil bones subsequently discovered in the cutting of the Great Northern Bailway, led Mr. Evaks and my- 
self at ottoe to direct our attention to this valley on our return from the valley of the Somme in 1859. The 
disoovery, by Mr. Bvaxs, of flnviotilo diells in (he Biddenham gravel conflrmed the analogy we suspected, and 
we direoted Mr. Wtait^s attention to it and to the probable ooourrence of flint implements, in the search for 
which this gentleman has since been so soocessAil. 27 spedmens are now recorded by Mr. Wiatt. — F eb. 1864. 

X The author in Quart. Joum. Qeol. Soo. vol. xvii. p. 863. A number more have been since found (1864). 
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present any distinct high-level gravel. I am rather disposed, ^ 

however, to consider it possible that the gravel at the Bidden- ^ ^ | 2 f 

ham pit, where flint implements have been discovered, may 8g 2j|J 

belong to that series, although not to the highest level; for dg ^RigS 

although the ground slopes very gently towards Bedford, and I w g!c | ” 

could not mark any break in the continuity or* much change E"* ^ 

in the character of the gravel, still, in the distance of IJ mile, w 0 | 

there is a difference of level of some 20 to 30 feet between | g | J ^ 

the Biddenham pit and the gravel adjoining the railway and 5 g I o ^ 

B| 

under the town*. There are also apparently certain slight j ^ 

differences in the fauna. At Biddenham the remains of the B . >1 

Hippopotamus have not yet been met with, whereas in the ^ fi C 

railway-cutting near the town they were very abundant. The § B, S « 

profusion also of the other mammalian remains at the latter | * j !;| ^ *S 

place is in marked contrast to their rarity at the former. 9 l|}j' 

I have traced the gravels with similar conditions of stnicture 0 ® IR; |i 

above Bedford, as far as Olney and Wolverton, and in descend- ^ 
ing the river I have followed them at intervals as far as Lynn. ||| 

Att)fford, 3 miles S. of Huntingdon, there is a well-marked low g tj ^ S 

terrace of gravel, in which a large number of mammalian re- ^ ^ 

mains were found during the making of the Great Northern | ns | | ^ 

Kailway ; and at Hemingford, 2^ miles £. of Huntingdon, a | I . 4) >> 

freshwater deposit with mammalian remains has been de- .1 m W | 

scribed by the Rev. Mr. De la CoifD amine f, which I consider ^ P ^ g 

belongs to the low-level valley series. S | |)j ^ J 

Heme Bay. — I am unable to offer a sufficiently satisfactory eb “ ® |j; | 

account and explanation of the position of the flint implements ^ | ^ 

found on the shore near Heme Bay. Whether derived from i 'I 3 

a clay drift or from the gravel which caps the cliffs is uncer- | 'g .S 

tain. With respect to that at Swalecliffe, between Heme Bay , g 

and Whitstable, it would seem to have been derived from a ,3 

freshwater and mammaliferous clay and gravelly sand, belonging , ^ 

to a low-level valley deposit and abutting against a cliff 64 feet I . V 

high, on the top of which is a bed of high-level gravel. The | l| J 

same gravel may be traced on the other side of the valley at S 

* A recent vudt to Bedford, and fresh levels taken vrith the aneroid baro- ^ g wii ^ I 

meter, have ooniinned this distinction. By taking another line of section, I S Wmj mu... A ^ 

traced the Biddenham gravel to a height of 60 feet above the river, and found ^ * 

Ql 

it separated from the gravel at Bedford by a bare tract of oolitic strata. The section given above (fg. 3) 
embodies these last observations. Mr. WrAir and Mr. Evajts have lately found two flint implements of the 
ovoid or Menchecourt type in the low-level gravel of Summerhouse HUl. — ^Feb. 1864. 

t Quart. Joum. Geol. Soc. vol. is. p. 271 (1863). 
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Studhilly and in it Mr. Evans found part of an Elephant’s tooth. T am inclined to 
believe that the features observable at Swalecliife are partly dependent upon the small 
lateral valley which runs a few miles up the country, and are only indirectly connected 
with the more general phenomena of the main valley of the Thames (%. 4). 


SWALE CLirri 
S4fr 


Fig. 4 . — Section along the coqst east of Whitstable — IjJ mile in length. 
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h. Loess with shells and bones. c. Low-level gravel. d. High-level gravel. 

With regard to the valley of the Thames* the structure is far more complicated, 
from the circumstance of there being in this district, in addition to the high- and 
low-level valley-gravels, a wide-spread set of higher or hill-gravels, of marine origin, 
presenting a very close similarity to some of the valley-gravels, and covering laige tracts 
of country. As this district will form the subject of a separate communication from me 
elsewhere, I here merely allude to it for the purpose of remarking that, after elimi- 
nating the foreign element, there remains a set of valley- and terrace-gravels which, 
though not so marked or well characterized as in the Seine valley, are nevertheless of 
nearly similar order and age. The same remarks apply to most of the valleys of the 
South of England, including the valley of the Severn. In the latter there are fossili- 
ferous terrace-gravels skirting the Severn and the tributary Avonf, with valley deposits 
corresponding to those at Grays and Menchecourt, whilst, as in the Thames district, 
there is a set of higher-level hill-gravels more wide-spread, and probably of marine 
formation. 

These cases all point to some common origin, and concur in showing that the flint 
implements hitherto met with have been found in beds holding like positions. The 
only exceptions are the discovery by Mr. Evans of a flint implement of the Amiens 
type upon the chalk hills of Hertfordshire, 200 feet above the valley, and of one of the 
Abbeville type on the chalk hills three miles from Hartford in Kent, by Mr. Whitaker. 
Both these are considerably above the valley and the valley-gravels, and the conditions 
are such as do not admit of exact correlation with any of the other cases. 

The confusion just alluded to arising from the occurrence, on levels often not far apart, 
of gravels and drifts of different ages and different origin, is common through a great part 
of England, while also questions connected with the direction of the transporting currents 
are obscured in consequence of the materials of the high- and low-level gravels having 
been formed in large part out of higher-level hill- and marine gravels. Owing to the 

* Tho flint implement found so many yean since in the Gray’s Inn Hoad still remains, with respect to the 
London district, a unique and remarkable ease. Several speoimens, however, have been found by Mr. Hu^es 
near Sittingboume and Faversham, lower down the Thames valley and its tributaries. — Feb. 1864. 

T There are also in the valley of the Seveni low-level gravels of marine origin. See SiBicittAjfD’s paper in 
Gool. Trans, 2nd ser, vol. vi. p. 662-fl, and vmons papen by the Rev. W. S. Smowns. 

MDCCCLXIV. 2 N 
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absence of the marine pliocene and post-pliocene beds in the North of France, we 
there obtain clearer evidence relating to the valley-gravels, as they are free from rock- 
fragments and boulders foreign to their own origin and area. From causes to which 
we shall presently allude, the whole class of these phenomena is also more marked 
and on a larger scale in France than in England, and has attracted more attention 
and been more fully investigated. It is sometimes not easy to determine the high- 
level gravels in our valleys, whereas in France they are generally on a scale of height 
and extent which prevents any doubtful interpretation of their relative position. 

Valley of the Somme. — M. Buteux * gives a number of localities at which the beds 
he terms Diluvium occur in the valley of the Somme, between Amiens and St. Quei^tin, 
but without going into structural details and levels. On my first visit to St. Acheul and 
St. Roch I suggested the possibility of the beds at the former place f being a stage 
older than the latter. The distance between them being mile, it seemed quite possible 
that the difference of level might have arisen from other causes than a further excava- 
tion of the valley subsequent to the deposition of the St. Acheul beds, and anterior to 
that of the St. Roch beds, but the difficulty of proof was considerable ; the existence of 
faults, the slope of the ground, or an unequal extent of elevation might have been the 
cause of the difference. The point being one of importance in its bearing on the ques- 
tion of the age and antiquity of the St. Acheul beds J, I reserved my opinion in the hope 
of finding better evidence elsewhere in this valley. 

At a distance of from one to two miles N.W. from Amiens, and parallel with the river, 
is a series of large pits extending past Montiers along the road to Abbeville. The gravel 
is on the same level and of the same character as that of St. Roch. Few mammalian 
remains, and no shells or flint implements, had been found there up to the period of ray 
first visit in 1869. As at St. Roch, the gravel abuts against a low chalk hill, and no 
fossiliferous gravel had been met with on the hill above. The railway runs just at the 
back of the pits, and at a height of some 30 feet above them. In the spring of 1860 I 
found a pit just opened immediately above the slope of chalk through which the line 
passed, and in such a position that the gravel could be wheeled on a level from this 
new pit into the railway trucks in the cutting. In position and level this last deposit is 
related to the beds of St. Acheul as the beds in the old pits are to that of St. Roch ; 
but here the two beds were in close and determinable proximity. The section from 
one to the other is fortunately perfectly clear, and I could detect no fault in the 
separating chalk ledge cut through by the railway. 

♦ Esquisse G^logique du ddpartemont do la Somme, Paris, 1840, and two supplements ; and 1862 ; also a 
paper by the same author in Mem. do la Soc. d'EmuL d' Abbeville for 1867, p. 661. 

t Phil. Trans. 1860, p. 303. 

t I have since been enabled to trace, by means of some trial pits near the Amiens railway station, the low- 
level gravel with remains of Bhinoeeroi tkhorhinm close up to the base of tho hill on the top of which the 
St. Acheul gravels extend, forming a section therefore very analogous to that at Montiers, and *»»»«■ *>K-h mg 
directly the relation of the St. Acheul beds to the lower-level gravels, which continue uninterruptedly from the 
railway station to St. Boch. — ^Peb. 1864. * 
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Fig. 5.— Section on the tide of the valley of the Somme at Montiert. 

BOAS TO 

jatbvbx. 



LXVXL or THX 8IA. 


b. Brick-oarth (Loess) 3 to 12 feet 

c. Irregularly stratified sands and gravels (low-level valley-gravel). Bemains of Horse, Ox, 

Elephant, &c. Flint implements of the fiake type not rare ; one discovered at ^ 20 to 25 foot. 

d. Rude mass of coarse gravel (high-level valley-gravel). A few fossil bones; numerous shells 10 to 12 feet. 
1 . Chalk. (The height at the railway cutting is only approximate.) 

The gravel at the new ballast-pit is much mixed with chalk debris, and is less regular 
in its structure than the gravel at St. Acheul. It contains similar boulders of sand- 
stone, and the identity of the two deposits was further confirmed by the discovery in 
the upper and more sandy part of the gravel bed of an abundance of land and fresh- 
water shells, more numerous as to individuals than at St. Acheul, but of fewer species. 

Shells from the new ballast-pit south of the railway at Montiers. 

Helix concinna. Pupa maryinata. Ancylus fluviatilis, Pisidium fontinale. 

pulchella. Suceinea ekgans. Limncea palustris. Planorbis spirorbis. 

hispida. putris. truncatula. Valvata piscinalis. 

I also found a few fragments of bone, but not determinable. Of flint implements I 
could discover none, nor have any been yet found by the men. In the lower pits on the 
other side of the line the gravel is spread out in great horizontal beds, or rather lenti- 
cular masses, and is interstratified with some very sandy beds ; the beds vary more in 
colour, and no shells have been found. Their thickness amounts to about 26 feet, 
whereas the higher gravel (d) is only about 12 to 16 feet thick. In all respects thp lower 
gravel (c) resembles that of St. Roch. On the occasion of a former visit I had 
shown the men a flint implement from St. Acheul, and requested them to look for and 
keep any specimens. On my second visit, accompanied by Sir Charles Lyell, to whom 
I had mentioned the interest of the section, the men showed us a flint implement which 
they had just discovered at a depth of 17 feet from the surface, and at a point marked 
tft in the section*. This specimen is quite white, has dendritic markings, and is of the 
simple broad flake type common in the low-level gravel at Mautortf . On my last visit 
I obtained five more specimens, all of the narrow flake type known as flint knives, except 

* Whilst in the pit we employed a man to work at a heap of the weathered gravel. A small flint knife 
was the result of an hour's search. f See fig. 2, Plate XII. Phil. Trans. 1860. 
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one, which more resembles the St. Acheul spear-head type. 
The deep discoloration and curious dendritic markings on these 
flints, their form (not upon the neighbouring St. Acheul type, 
but upon one before unknown to the men), and their small 
nuhiber preclude the idea of any collusion or deception, and 
substantiates the statement of Dr. Rigollot, .that such imple- 
ments have been found in the like gravel at St. Roch*. On 
the hiU rather higher than the new ballast-pit is another pit, 
where the gravel is shallower, contains no organic remains, and 
is probably of rather older date. 

The more general examination I have made of the Somme 
valley, from about six miles above Amiens, to the sea at St. 
Valery, a distance of forty-seven miles, has been sufiicient to 
show the persistence of the same structural features. (PI. V. 
fig. 2.) In descending the valley below Amiens, after passing 
the gravel-pits of Montiers and Breilly, the chalk hills rise 
abruptly from the valley, covered only with more or less loam 
or brick-earth, except near Picquigny, where a few gravel pipes 
in the escarpment attest the former presence of a high-level 
gravel apparently 60 or 80 feet above the valley. On the hill 
which projects into the valley between Le Gard and Crouy is 
a capping of flint gravel. 

At Conde the valley-gravel again occurs, but thence by Fon- 
taine and liercourt the hills present a bare surface of chalk, or 
else a capping and skirting of brick-earth only. At Mareuil, 
three miles south from Abbeville, and still on the left bank of 
the river, we find the gravel, capping, to a thickness of 6 to 8 
feet, the hills which rise behind the village to a height of 110 
to 130 feet. I could not discover any organic remains or flint 
implements f. From this spot to Mautort the chalk hills rise 
abruptly from the valley, either bare or more or less covered 
by brick-earth, but still showing here and there traces of gravel 
pipes, indicating the former existence of gravel beds at about the 
level of 80 to 100 feet above the river. Here also, as at other 
spots where the hills advance upon the valley, the depth of the 
latter seems to be greater, so that all the valley-gravel and Loess 
is covered up and hidden by the recent alluvial deposits which 
come close to the foot of the chalk escarpment. (PI. V. fig. 1.) 



* I have since had the opportunity of confirming the statement of Dr. Rigoixot, the men having found four 
rude but undoubted flint-flakes at this spot (April 1863). 
t 31. Boucheb db Pbbthbs has two specimens in his coUoction labelled as from this locality. 


Pig. 6 . — Section across the VaVey of the Somme near Abbeville, 
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Four miles lower down, and immediately opposite Menchecourt, are the pits of 
Mautort, described in my former paper. A bed of gravel there occurs on the slope of 
the hill at a height of 80 feet* above the river, and lower down another bed forms a 
bank on which the village stands. At a pit belonging to M. Ducastel, these lower 
gravels are very sandy and distinctly bedded, and there is good evidence for believing 
that marine shells (Cardium edule and Idttorina littorea) occur at their base. I found 
no flint implements, but Sir Charles Lyell obtained, in the gravel-pit at the further 
end of the village, two indisputable specimens of the low-level ovoid form. There is a 
patch of high-level gravel near Saigneville, whilst at the mouth of the Somme a con- 
siderable width of ochreous flint gravel caps the hills near St. Valery, at a height of 
about 100 feet above the sea. I could discover no organic remains in any of the pitsf. 

The right bank of the Somme, between Amiens and Abbeville, shows a much greater 
amount of denudation. The hills are steeper and present generally bare surfaces of 
chalk, with more or less brick-earth on their summits and flanks. 


Fig. 7 . — Section across the vallei/ of the Somme near Amiens. 



Near Amiens I found nothing to correspond with the opposite St. Acheul high-level 
valley-gravel, except some scattered sandstone boulders at Longpre. From this point 
to Pont Remy;||, the ground requires further examination. Thence to Abbeville the 
hills, at a height of from 100 to 150 feet, are capped occasionally by flint gravel, in 
which no remains of any sort are met with until we reach the gravel-pits of St. Gilles 
and Moulin Qqignon, described in my former paper. 

In all the foregoing cases the sandy and ochreous subangular flint gravel nowhere 
occurs on hills higher than about 160 feet above the level of the Somme, and flint imple- 
ments have not been found in beds more than 100 feet above that level ; these gravel beds 
range parallel to the Somme, and in no case, except at the embouchure of the river, 
extend more than half a mile from the side of the valley. 

• There was a discrepancy between my estimated height of the up|)er pits on the road to Moycnville, near 
Mautort, and the measurement obtained for mo by M. Bouchek de Fsktues, for which I could not account in 
1860. A well has been since sunk adjoining the old pit (now filled up), and the water-level in the chalk 
reached at a depth of 81 foot. Allowing 6 foot for tho fall to the river, the height of the ground at that spot 
would be 88 feet. 

t A raised beach containing Oardium edale has been stated to. occur at tho top of tho hill near tho old 
castle ; but after a careful search I could not find a trace of any such bed. Sir Charles Lyell came independently 
to the same conclusion. On a more recent visit there with Mr. Evans and Mr, Lubbock, wo merely found 
numbers of weathered valves of recent Cardium edule Ac., and fragments of pottery in a black soil a sort of 
Ejdkkenmddding. 

if M.PB Fbbthes has a tooth of the EHephasprimigenius firom this place, but the exact position is not recorded. 
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The same features are repeated on a smaller scale in some of the lateral valleys. 
Near Amiens, for example, in the tributary valley of the Arve at Boves, four miles from 
its junction with the Somme, are large beds of gravel like those of St. Koch, abutting 
against the side of the chalk hills on the right bank of the stream. Remains of the 
EUphas primigmim. Rhinoceros Uchorhinus, Horse, and Deer have been found there, 
together, it is reported, with a few flint implements. 

At Abbeville the Escardon joins the Somme. At Oneux, eight miles up the valley of 
this tributary, a bed of flint gravel was formerly worked, in which, it is said, mammalian 
remains and flint implements were met with ; whilst at Drucat, on another branch of 
this stream, a singular isolated patch of gravel has been found high up on the hills, at 
an elevation of about 100 feet above the valley, and 160 feet above the Somme at Ab- 
beville. The sand and gravel are of great thickness, owing to their being in a depres- 
sion of the chalk, from which they further descend in huge cylindrical holes or pipes to 
a depth of more than 100 feet. On the top of the light-coloured sands and gravels are 
other beds of reddish gravel and thin brick-earth. Jn M. Boucher de Perthes’s collec- 
tion there are two flint implements which are said to have come from these upper beds. 

The y alley of the Seine . — Another important discovery of flint implements was made 
early in 1860, in the valley of the Seine at Paris, by M. Gosse* * * § . The specimens are 
ruder and less abundant than those of the Somme valley. They were found in the 
pits of the Allee dc la Motte Piquet f, near the Ecole Militaire, at a depth of 16 feet 
in a gravel composed chiefly of subangular tertiary and cretaceous debris about 20 feet 
thick, roughly bedded, and containing remains of extinct mammalia. No shells are 
recorded. Large blocks of MeuUbre^ little worn, are dispersed through the gravel. At 
this spot, the height of which above the Seine is 36 feet, the relation of the beds to any 
of the “ higher-level ” quaternary deposits of the neighbourhood of Paris is not seen, 
but at the Gare d’lvry, on the other side of Paris, and at a similar level with regard to 
the river, the same bed of gravel, only more sandy and containing more large granite 
boulders, is again largely worked. It here abuts against the calcaire grossier, which 
forms, immediately behind, the heights of Gentilly, where these tertiary strata come 
to the surface and are extensively quarried. Following the plain in a direction at 
right angles to the river, some coarse gravels of moderate thickness set in, and are 
worked near the Barriere de Vitry, at a height of about 130 feet above the Seine. 
Further on a cutting, on the side of the road leading from the Barriere d’ltalie to 
Gentilly, exposes a section described in 1840 by M. DuvalJ and singularly like that 
at St. Acheul^. The lower bed is a white sandy gravel of subangular chalk flints 

* Comptes Bendas, 1860, vol. 1. p. 812. 

t M. Bouchbr de Perthes had in 1847 expressed an opinion that flint implements would be found in these 
pits : ‘AntiquitAi Celtiques et Ant<idiluvienne8,’ vol. ii. pp. 123, 494, and 601. 

+ Bull, do la Soc. G^l. vol. xi. p. 302, and vol. xiii. p. 297. 

§ It is, however, not improbable that the deposits both of Gentilly and Charonne may be older tha-ti that of 
St. Acheul, although belonging to the series of the high-level valley-gravels. 
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mixed with much-wom tertiary debris with a few older rock pebbles, and above which 


is a sandy marl. In these beds a considerable number of 
land and freshwater shells and mammalian remains were 
found. The whole is capped by a variable thickness ** 
of Loess. The slopes of the adjoining higher ground of | 

Bic^tre are bare, with the exception of OQcasional patches £ 

of Loess. 5* g 

No freshwater shells have hitherto been recorded from !■ | 
the low-level valley-gravels of the Seine; but in April 1862 I B 
found at Sotteville * near Rouen, intercalated in the middle » ?- 
of thick beds of gravel, about 10 to 20 feet above the E 
river-level, a seam of marly sand, in which I obtained a ? 
few specimens of the lAmnaea peregra and opercula of the 
Bythinia tentaculata ; and at Paris I discovered in the hard ^ * ' 
concreted gravel of the Petite Rue de Reuilly, and about ^ 

30 to 40 feet above the Seine, I a. 

g p 

on 

Limryxa peregray L. truncatula^ Valvata piscinalis^ Zualuhrica; | 

whilst at Clichy I found, low down in the gravel contain- © ^ 
ing, I am informed by M. Lartbt, the Elephas primigenim S. 
and E. antiguus^ three specimens of the Limncea peregra. ^ 
All these specimens are entire and uninjured. In this ^ 
latter locality M. Lartet had also recently found a very § f 
perfect ovoid flint implement of the Abbeville type. i- 

In the high-level gravel of Gentilly have been found f — 




31 

n 


;3i 


lime stmt 


Pisidium amnieum. 
Vedvata pisdndUs. 


Bulimtis. 

Limnoea. 


Hydrobia. 

Hdix. 


On the north side of the Seine, thick gravel-beds extend | ’ j 1 1 lA !| 

from the river to the base of the hills, and some distance ^ a, i/'r, ilwl 

up their slopes, as shown at the canal de I’Ourcq and in j g > ijj (1^ i \i 

the pit in the Petite Rue de Reuilly. As the tertiary *1 * 

strata again come to the surface a short distance further E | t, 
on, it is probable that this bed of gravel, like that on the ^ ^ !| 

south of the Seine, abuts or slopes rapidly up against their i* li -j!' j i jl I* 
escarped edges. At Charonne, about a mile beyond the “S J 
last-named pit, and near the Barri^re du Trdne, there are ijj 

several pits of sand and gravel, containing numerous land I l! !'i,ll*i n.'V 

ii'ji'yiiijK * 

• M. TAbb^ CocHST states that there are in the Museum at Bouen two flint implements of the St Acheul 
type said to have been found in these pits, op, dt. p. 8. 
t Qp. ci<. p. 287. M. Duvix does not give the speciflo names in his list. Few specimens are now to be found. 


iia 


Section across the Valley of the Seine East of Paris 
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and freshwater shells together with the remains of mammalia. This deposit is iden- 
tical with that at Gentilly* * * § . The section of this part of the valley of the Seine may 
therefore be represented as in fig. 8 f. , 

M. Chaeles d’Orbigny has traced the high-level gravel of Charonne, with few inter- 
ruptions, as far as Joinville five miles east of Paris. It there caps a hill rising abruptly 
80 to 100 feet above the rivej*, and contains a large and interesting series of land and 
freshwater shells j;, associated with the remains of the El^has primigenius and RJiinoceros 
tichorhinus. No flint implements are recorded from these gravels. 

The same features hold good throughout the course of the Seine and its tributaries. 
Brongniart, in his description of the Paris basin, observes that the drift (Terrain de 
transport) occupies two positions— -one in the valleys, and another on plains considerably 
raised above the actual rivers. He seems to suggest for them different origins §. 

Higher up the course of the Seine this structure has been more specially noticed. 
M. Leymerie, in describing the country traversed by the upper part of this river and its 
tributaries, remarks that at the commencement of the valleys there is but little drift 
(Diluvium), but that some way down them “ the beds of drift (Terrain diluvien) exhibit 
a great extension, both horizontally (maximum four leagues), and also in a vertical 
direction (maximum sixty metres) above the ordinary level of the valley-waters”!]. In 
the neighbourhood of Troyes they form a plain eight miles in length and of five miles 
average breadth, and attain in places a height of from 120 to 180 feet or even more 
above the river, with a thickness of 10 to 12 feet, and contain teeth of Elephant, Deer, 
Horse, &c. At Nogent there is another expanse of gi’avel 10 feet thick, and 200 feet 
above the river. In the tributary valley of the Aube, M. Leymerie describes at Brienne 
a similar expanse of gravel five leagues long by three broad, and 130 feet above the 
river 

Of the lower part of the valley of the Seine we possess but few details**. The plain 
through which the river winds is covered irregularly with a coarse sandy gravel, abound- 
ing especially in large blocks of Meuliere,’ Calcaire grossier, and of other tertiary rocks ; 

* M. CnABLEs d’Oebignt in Bull, de la Soc. Geol. 2® ser. vol. xii. p. 1296 (1866). The pit he described is 
now filled up, but several others are open beyond the outer Boulevards. My sections are taken from these. 

t One of the best plans of valley-gravels, well and carefully worked out, that I have seen, is the one 
executed by M. Tbioeb for the Department of tho Sartho. The river Sarthe, which flows through palseozoic 
rooks, has a gravel abounding with blocks of granite &e., whilst the Huisne, which joins the fonper river at Le 
Mans, contains nothing but tertiary ddbris. The extent of these old alluvia are well shown on this fine 
map. 

4: For a list of these and a description of tho section, see Bull, de la Soc. Gdol. 2* sdr. vol. x\ii. p. 66 (1869). 
(I have recently had reason to believe that these fossils may bo from old pits on a lower level than those now 
worked. Owing to this uncertainty I omit the list of fossils I had at first given. — March 1864.) 

§ Description Geol. des Environs de Paris, edit. 1836, pp. 118 & 569. 

II Statistique Geol. et Miner, du dep. de I’Aube, p. 99 (1846). M. CLfiMRNT Muilst had also remarked that 
at Fresnoy a gravel from 22 to 26 feet thick occurred at a height of 100 to 130 feet above the river ; and a lika 
arrangement exists at Pougy in the valley of the Aube. Bull, de la Soc. Geol. do France, vol. xii. p. 116. 

IF Ibid. pp. 88, 90 to 92, 94. •* See Db Sekakuoni’s ‘ D&crip. Geol. du dept, de Seine et Oise.' 
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and I found gravel rising to a height of about 100 feet at Mantes, of 140 feet at Pont 
de r Arche, and of above 100 feet near Rouen. 

In the valley of the Yonne the gravel attains a height of 66 feet at Pontaubert*; but 
exact particulars are wanting of the terrace-gravels in this valley. Of the valley of the 
Marne, M. MiciiEUNf observes that “on the heights around St.-Mcnehould there is 
a gravel containing the remains of the Elephant, Horse, and some other mammalia.” 
M. CoRNUEL states that the same valley higher up and that of the Blaise arc covered 
with an oolitic gravel containing some remains of the Elephant, and names two small 
hills (buttes) near St. Dizier, and two near Vassy, which are capped by a similar gravel J. 

Valley of the Oise. — In this large tributary valley of the Seine, M. de Verneuil^ has 
reported the discovery, at Precy near Creil, of a flint implement in beds of gravel contain- 
ing the remains of the Elephant, Deer, &c. In this instance the specimen was not 
found in siUi., but w’as picked up amongst the gravel thrown on the adjacent line of 
railway. In April 1861 Sir Charles Lyell and I visited the ballast-pit whence the 
gravel was extracted. It is situated half a mile north from the Precy station, is about 
26 feet above the river, and presents a fine section of light-coloured subangular gravel, 
roughly stratified, 12 to 16 feet thick, and overlain by 6 to 10 feet of Loess. Some 
beds of the gravel are very coarse, and amongst the flint and tertiary debris are frag- 
ments from the oolitic strata and older rocks. The valley at this spot is about half a 
mile wide, and the hills on either side rise to a height of from 160 to 260 feet above 
the valley. In going over this ground some years since with the deeply lamented 
Edward Forbes, we found the rocks almost everywhere bare of drift, but I have a 
recollection of having met with traces of gravel with old-rock pebbles on a hill about 
80 feet high on the right bank of the river between Auvers and Beaumont. M. Graves, 
in speaking of the drift (Diluvium des vallees) of the Oise, observes that “ it ascends the 
slope of the hills to some height ” .... “ some incontestable traces of it are sometimes 
found on surfaces of high platforms ” ||, but he gives no exact position or levels. 

M. d’Arcuiac, in describing the valley of the Aisne, the upper portions of the valley 
of the Oise, and their tributaries, states that the gravel (depot de cailloux roules, 
avec des blocs erratiques et des ossements nombreux des grands mammiferes) “occu- 
pies the floor of the principal valleys, rises sometimes up their sides to a certain height, 
but very rarely extends over the adjacent high-ground plateau Further on he 
mentions that between Menneville and Neufchatel (valley of the Aisne) the gravel rises 
66 feet above the river, and is about 16 feet thick, that between Voyenne and Marie 
(valley of the Serre) it is more than 130 feet** above the river — whilst at Guise (valley 
of the Oise) it rises 184 feet above the river, is 16 feet thick, and extends IJ mile 

* Bull, do la Soc. Oi^l. 2* sdr. vol. ii. p. 683 (1845). t Ibid. vol. vii. p. 83 (1836). 

t M^. de la Soc. Gdol. de France, vol. iv. p. 270 (1841). 

§ Bull, de la Soc. Gdol. de France, 2* »&:. vol. xvii. p. 656. 

II Topographie Gdognostique du ddpt. de TOise, pp. 629, 630 (1847). 

f M^m. de la Soc. Gdol. de France, vol. v. p. 188 (1842). ♦* English foot are always given. 

MDCCCLXIV. 2 0. 
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from the river*. Respecting the upper part of these valleys, MM. Sauvage and Buvio- 
NiER remark that beds of sand and gravel cover the hills which border the valleys, at 
levels far above the present riversf ; and M. Buvignier has described beds of gravel 4 to 
6 feet thick, with remains of Elephants and other animals, at heights of from 100 to 130 
feet above the Aire, and 160 to 200 feet above the Chee, the Omain, and the Saulx J. 

It is therefore certain that at points more or less distant along the course of all the 
rivers in the South of England and the North of France §, detached and isolated beds of 
sand and gravel occui* on terraces, or on the top or shoulders of the low hills or plat- 
forms bordering the valleys, at various and often considerable heights above the present 
river-levels. Another and more continuous stream of gravel stretches along the bottom 
of the valleys. Beds of Loess cover both gravels irrespectively, and extend beyond them* 
It is in these deposits only (caves excepted) that the flint implements have hitherto been 
found. 

§ HIGH- AND LOW-LEVEL VALLEY-GIIAVEI.S. 

From the constancy of the phenomena described, we may arrive at a general pro- 
position which can be expressed by the following diagram (fig. 9) and terms : — 

Fig. 9. 



M. (Jcncral section of the ground. 

D, Major valley of denudation anterior to tho 
excavation of tho valley 0. 

C. Minor valley of river-excavation. 

.V. Piusent river-channel. 


e, Non-fo8siliferou3 drift on the slopes and base of 
the major valley D. 

d. High-level valley deposits ] 

T 1 I 11 1 -if with or without fossils. 

c. Low-level valley deposits j 

o. Recent alluvium. 


This diagram n^preseiits the conditions of the case on the supposition that all the parts 
are complete. But this rarely happens. The gravel along Ihe base of the major valley (D) 
is spread out or contracted according to the width, depth, and shape of its channel. If 
the secondary valley C should extend on either side beyond the limit of the beds e ox d 
deposited along that first depression, the section would be represented by diagram fig. 10, 
where, as at Amiens, the hills on one side are completely denuded, whilst on the other 
side a portion of d remains. Or it might happen, as is the case in many parts of the 
valley between Amiens and Abbeville, also in tho valley of the Oise near Creil, again in 
the valley of the Seine near Paris, and commonly elsewhere, that the width of C exceeds 
that of the first-formed channel characterized by the drift e and d, in which case the 
river-valley would pass through bare hills denuded of all traces of e and d^ as in the 

• Mdm. de la Soc. Geol. do France, vol. v. pp. 190, 193 (1842). 

t Statistiquo Mindr. et Geol. du ddpt. dos Ardennes, p. 58 (1842). 

X Gdologie du ddpt. de la Meuse, pp. 95, 96 (1852). 

§ I restrict my remarks to this area ; but the fact has a much wider application. 
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Pig. 16. 



diagram fig. 11. Or the various gravels may also have been wanting originally, as there 
must have been parts of the old river-bed always left bare. 


Fig. 11. 



It is therefore not essential to the case that the high-level valley-gravels d should be 
permanent or continuous in the direction of their length. We have seen that they are 
generally found at heights above the river of from 60 to 150 feet, though occasionally 
more or less. The low-level gravels, on the contrary, often have even their upper ter- 
races so little above the level of present inundations that they might be attributed to 
such recent causes. The coincidence, however, arises from merely local conditions, and 
we can hardly apply to them a different rule, the more especially as, alth(jugh the level 
of the terraces may be at places so low as to merge in the gravel at the bottom of the 
valley, still they even then form a breadth and mass of deposit which indicate a very 
different power to that now in operation in the existing rivers. 

That the formation of the higher terraces can be owing to the action of the present 
rivers is clearly impossible under existing conditions ; for they are far above the level 
reached by the rivers at the highest floods. 

Taking the mean depth of the Waveney near Hoxne at 3 feet and its width at .33 feet, 
whilst the depth of the valley between the two gravel terraces is about 40 feet and the 
width 2000 feet, the sectional area of the former will be 100 square feet nearly, whereas 
the latter will be represented by about 80,000 feet — in round numbers as 1 : 800. The 
Ouse at Bedford has an average depth of 6 feet and a width of 200 feet, or a sectional 
area of 1000 feet. The valley at the same point gives us about 12,000 feet— or as 
1 : 600. The rise of these rivers above their ordinary level never exceeds a few feet. 
Very little is known of the discharge of either river during floods*. 

If we take the Somme at Amiens at 4 x 200, the sectional area is 800 feet, whereas 
the valley at the level of the St. AchefUl gravel gives 80 X 5000, equal to a sectional area 
of 400,000, or as 1 : 600. The floods of the Somme rarely exceed 6 feet above its mean 
level. Taking the Seine at Paris at a mean width of 600 feet and a depth of 4 feet, the 
sectional area is 2400 fefet. The valley between the heights of Gentilly and of Charonne 


* The numbers in this and the next paragraph are only approximately correct ; exact data are wanting. 
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has a depth of 120 feet ; and taking as a mean a width of 8000 feet, we have a sectional 
area of 960,000 feet, or as 1 : 400. The greatest flood of the Seine on record is that of 
the year 1658, when it rose to a height of 29 feet. Even in this case a flood of nearly 
00 times that magnitude would be required merely to fill the valley to the level of the 
liigh-level gravels, without taking into consideration the more rapid discharge. But 
neither in this nor in the other cases of modem times, are we aware of an increase 
in the volume of water, during floods in these regions, to many times the ordinary 
mean average, whereas we see that in a case such as is presented at Amiens a flood 
having a volume five hundred times that mean would be required to reach the beds of 
St. Acheul. 

This I conceive is sufficient to prove that the high-level valley gravels cannot be 
ascribed to floods of the present rivers, as has been, even of late, suggested. The only 
means adequate to fill, under existing conditions, the river-valleys of the Waveney, the 
Ouse, the Somme, and still more of the Seine, would be the ingress of the sea ; but such u 
supposition is at once refuted by the fact of the prevalence of land and freshwater 
shells in both the high- and low-level gravels, and the absence of marine remains unless 
immediately adjacent to the present coast. If therefore neither the supposition of river- 
floods, nor of a different relative level of land and sea allowing the latter to penetrate 
up the valleys, be admissible, how far ai*e the facts in accordance with the hypothesis 
of these depo|iit8 being the alluvia of old rivers, and the valleys their excavated channels 1 

Let us in the first instance trace the direction whence the materials have come. 

The valley of the Waveney traverses a district formed of Boulder Clay, with under- 
lying sands and shingle, reposing on Chalk, which latter comes to the surface in 
the upper part of the river’s course, and is just visible at Scole. There is little in 
the valley-gravels to indicate a distant origin, as most of the debris composing them 
might generally have been derived from the surrounding hills. The only material in 
excess is the mass of subangular flint-fragments, derived probably in part from the 
more distant chalk area. Although not quite conclusive, still the evidence affords fair 
presumptive proof of the transport of the gravel from the watershed of the Waveney to 
the sea along the breadth of surface indicated by the valley-gravels (see Map, Plate IV.). 

A nearly similar uniformity exists in the case of the valley of the Ouse, which traverses 
a district of Boulder Clay overlying various members of the oolitic series. It is not, 
however, easy to determine in what proportion and to what distances the diflferent 
materials composing the gravel of the valley of the Ouse have been transported from 
their parent rocks. They exhibit, as in the case of the Waveney, a local origin in con- 
nexion with the existing valley. All the materials found in the gravels can be referred 
to rocks or to older drift deposits traversed by these valleys and their tributaries, and 
in no instance do we find the introduction directly of any foreign element. Thus, 
besides the flint debris derived from the chalk in the valley of the Waveney, and the 
oolitic limestone and sandstone debris derived from the Oolitic series in the valley of 
the Ouse, all the superadded pebbles and bouli^rs of the older rocks, as well as a 
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certain proportion of the chalk-flints found in the gravels of both valleys, can be traced 
to the adjacent Boulder Clay. 

I have noticed the same facts in almost all the river-valleys of the South-east of 
England where the valley passes through belts of different formations, as, for example, 
the occurrence of Wealden and Greensand debris on the chalk hills in tlie valley of the 
Medway, between Maidstone and Rochester ; and in the same manner the occurrence of 
Purbeck and Greensand debris on terraces in the valley of the Wiley between Wilton 
and Salisbury. Traces of Greensand and Oolitic debris are to be detected in the valley 
of the Thames, also mixed with debris of the Boulder Clay. 

With reference to the French area, the phenomena have been well studied by many 
French geologists*, to whose works, before cited, I beg leave to refer for fuller parti- 
culars than I can here introduce. I will say a few words, however, of the valleys of the; 
Somme, the Oise, and the Seine, — more especially of such parts as I have myself visited. 

The Somme flows through a chalk district with a few tertiary outliers, while th(‘ 
tributary valley of the Arve penetrates to the main body of tlic tertiaries. At St. Acheiil 
the quantity of sandstone blocks and pebbles, and of flint pebbles, derived from tertiary 
strata, is very considerable, and the presence of specimens of Ifumvmilaria laevigata and 
, of the Venericardia plani-costa shows the upland direction of their origin, as no beds 
containing these fossils exist below Amiens. In the several patches of high-level 
gravels (chiefly of subangular chalk-flints) between Amiens and Abbeville, tertiary debris 
continue to be found, and at Moulin Quignon sandstone-fragments of a large size are 
still numerous, although they are fewer and smaller than at St. Acheulf. 

The occurrence of rolled fragments and boulders of granite and other old rocks in the 
valley of the Seine at Paris, is a fact which has long been well known. The presence 
of similar materials of distant origin has also been proved to hold good in the higher- 
level gravels of Gentilly and Charonne. M. Duval described the section at the first- 
named place (which applies to the other), as consisting of sands passing downwards into 
a gravel composed of pebbles and fragments of cretaceous and tertiary rocks, together with 
others of porphyry, and “ a prodigious quantity of grains and pebbles of red granite ” J, 
some of which weighed from eleven to thirty-four pounds. Land and freshwater shells 
and small reptilian bones were common, with some bones of the large mammalia. 

The valley-gravels at Frenoy, Nogent-sur-Seine, and Troyes consist chiefly of oolitic 

* The case is very clearly put by M. D’AacniAC in his admirable work the ‘ Histoiro dn Progres de la Oco- 
logie,’ vol. ii, p, 139, whore he observes, “ On reconnaitra quo Ics materiaux dos depots ineublcs sent distribuc's 
ou repartis exclusivement soit sur les flancs do cortainos gibbosites principalcs et dans les vuIUws qui y pren- 
nont naissanco, soit dans de lazges depressions ou bassins hydrographiques qui ne sont limites u lour pourtour 
par aucun relief bien prononoe. Dans Pun ni dons I’autre cas il n’y a melange des mab'riau.x transportes.” . . . 

. . . “Cette distribution nous demontrora que I’orographio goneralo «5tait au commencement do la pcrio<lo diluvienne 
ii trfis pen pres co <ju’eUe est aujourd'hui, et nous leconnaitrons quo les lignes de portage entre certains bassins 
hydrogfraphiques et dent Pelevation dovoit etro bien faiblo alors out pu cependant restreindro h's offots du phe- 
nomene orratique aux mdmes limites que les eaux qui so rendent actuellement dans chacun d’eux.’’ Ho excepts 
Great Britain and the North of Europe fl'om the jexhibition of these conditions. 

t See sect. figs. 3, 5, 6 in Phil. Trans, for 1860, pp. 287-290. J Op- cit. p. 304. 
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pebbles*. At none of these places is there any admixture of old-rock pebbles. These 
latter all come into the valley of the Seine through its tributary valley of the Yonne, 
which, with that of the Cure, originate in the Morvan — a district consisting of granitic, 
porphyritic, and slate rocks, forming ranges of hills from 800 to 1200 feet high. 

The valley of the Aube, which joins that of the Seine between Nogent and Troyes, 
contains only oolitic and cretaceous debris ; so also, judging from the incidental notices 
of M. CoRNUEL, the upper parts of the valley of the Marne and its tributaries. These? 
valleys traverse Cretaceous and Jurassic formations only (see Map, Plate IV.). 

Speaking of the gravel of the valley of the Oise, M. d’Archiac remarks that it “ is 
composed of the debris of tertiary, secondary, and transition rocks, always rolled, and 
that the characters of the deposit vary according to the region from which its con- 
stituent elements have been brought, and consequently according to the valleys where 
these are found ”f. The slate rocks of the Ardennes, from which the Oise flows, form a 
range of hills on the frontiers of Belgium, from 1400 to 1600 feet high. 

The next feature we have to notice in the high-level valley-gravels is the presence of 
large boulders, and the irregularity, confusion, and general want of stratification of the 
beds, which are, fru’ther, frequently contorted. 

In the valley of the Waveney there are no hard rocks to furnish boulders ; the few 
therefore that are found are derived from the Boulder Clay ; but very large masses of 
flint with sharp and intact angles are common. In the valley of the Lark the features 
are precisely analogous. At Flempton we found, mixed up in the flint gravel, large 
blocks of half a ton weight of basalt and hard sandstones derived from the Boulder Clay. 
At Biddenham in the valley of the Ouse the lower part of the gravel is full of small 
blocks of oolitic limestones and sandstones very little worn, and there are none of a 
large size. In the valley of the Thames, boulders of large size are rare ; I have not met 
with ten in the course of as many years. 

In the valley of the Aire, M. Sauvage and Buvignier remark that the gravel capping 
the hills has an irregular surface and is waved (ondule). In the valleys of the Seine 
and Aube, M. IjEymerie describes the base of the gravel capping the hills at Frenoy as 
irregular, and at Troyes as containing blocks and angular pieces of shelly neocomian 
strata, together with a few unworn flints. At Brienne the gravel also wants regularity. 
In the valley of the Oise at Guise, M. d’Arciiiac states that this gravel contains some 
fragments of quartz “ the size of the fist,” and that it is “ without distinct stratifica- 
tion” f. In the valley of the Seine, M. Charles d’Orbigny, in speaking of the lower 
bed of the gravel at Joinville, remarks that it forms “ a tumultuous deposit, at the base 
of which are found large erratic blocks §. One mass of tertiary sandstone (B, fig. 12) 
measured by us was 8^ feet long by 3 feet 4 inches thick, and was on the top of 
the light-coloured lower gravel (diluvium gris), or rather at the base of the red gravel 
(diluvium rouge). 

* Letmebie, op. cit. p. 02. 

t Mom. do la Soc. Geol. do Franco, vol. v. p. 188 ; and Graves, op. cit. pp. 635, 642. 

X Ibid. p. 193. § (^. dt, p. 68. 
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A pit near the Barriere de Vincennes (fig. 13) 
afforded me an excellent example of contorted 
bedding. 

In the valley of the Somme this class of phe- 
nomena is particularly well marked and decisive. 
I know of no place where they are better shown 
than in the pits at St. Acheul (figs. 14, 16). The 
two following sections taken from my former 
paper will illustrate these peculiarities. There 
are two points to be noted, — the one the pre- 


Fig. 12. 



a. Surface soil and reddish loam. 

h. lied argillaceous gravel (diluvium rouge). 

r. Light-coloured sandy Tossiliferous gravel. 


Fig. 13. 



rt. Surface soil and made ground. d. Sand and fine gravel with a few shells, 3 to 4 feet. 

A, e. Loam and red gravel, 2J- feet. Coarse light-coloured gravel, with mammalian remains, o to 8 feet. 


Sections in the </mvel~piis of St. Acheul. 



a, b. Soil and brick-earth and subordinate beds of gravel — with Gallo-Eoman graves, 
c'. Whitish marly sands with land and freshwater shells, containing hero and there a few iiatchos of gravel 
and blocks of sandstone, and shovfing in places fine lamination. 

c. Subangolar gravel, in places level, and in other places disturbed, containing numerous blocks of sandstone, 
and largo flints not worn : flint impUmenls, mammalian remains, and a few shells. 

sence of large blocks of sandstone, some weighing as much as four to five tons, dispersed 
irregularly through the lower bed of gravel, — and the other the disturbed and con- 
torted condition of the surface of that gravel, and of the bed of sand overlying it. 
These two features are perfectly independent It is not the presence of the blocks which 
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gives rise to the heaping of the gravel, nor are the depressions in its surface marked by 
the presence of any such interfering masses ; yet the disturbance has been from above, 
and sometimes before the deposition of the brick-earth ; for the upper part of the gravel 
(c) and the overlying sand-bed (d) are often affected independently, without there being 
any corresponding disturbances in the lower gravel or overlying brick-earth. The irre- 
gularities in the bedding of the gravel do not depend upon the presence of blocks, which 
occur in all levels through it ; and the lamination of the marly sand {d) is continued 
through the curved planes of contortion in a manner and at angles which such a sedi- 
mentary bed could never have assumed in process of deposition by the mere action of 
water. The tertiary blocks come from a distance of twenty to forty miles above Amiens. 

Low-level Valley-Gravels . — It may not be possible to draw an exact line of demarca- 
tion between those gravels which I have designated as the high-level valley-gravels and 
these low-level gravels. They are the extremes of a series, marking a long period of 
time and probably formed under analogous but not identical conditions. The higher- 
level ten*aces are generally, however, so distinct, so broad, and so clearly separated from 
the low-level gravels, by bare slopes of the underlying rock formations, that, although 
they may differ amongst themselves to the extent of several feet, the space between the 
two groups is usually sufficiently distinct to make it not difficult to refer each bed to its 
right relative position. In places there are passage beds following the more gentle 
slopes, and at other places there are intermediate terraces, though commonly of little 
importance and trifling width. The broad distinction consists in the one being on hills 
of various heights flanking the valley, while the other occupies the immediate river- 
valh^y, always following its main channel and constantly rising on its sides to the height 
of several feet, and, where the valley is broad, forming low terrace platforms on its sides. 
Unlike the high-level gravels, of which the interrupted and local occurrence, compa- 
rative isolation, and unequal levels render the course and connexion indistinct, these 
low-level gravels, from their general continuity and their slight difference in level, leave 
us in no doubt as to their relation to the existing valleys. 

The main points of difference to note are the greater thickness of the low-leve^ gravels, 
their more uniform bedding, the more common presence of beds of sand and fine gravel 
with oblique lamination, and the absence generally of contorted strata. When we speak 
of bedding or stratification in these deposits, it is not continuous and persistent seams 
that we refer to, but to the greater or lesser extension of lenticular masses of sands and 
gravel of various thickness, which gives to a small section the appearance of bedding; but 
none of the beds are persistent. Large blocks arc often common in these lower gravels. 
They are generally more worn than in the upper gravels, and the question arises to what 
extent they may be derived from the former. A great number occur in the lower 
gravels of the valley of the Somme, though they are not so numerous as in the upper 
gravels. * In the valley of the Seine, on the contrary, they are extremely numerous in 
the lower gravels at the Gare dTvry, at Grenelle, and in various pits between Paris and 
Rouen. In the valley of the Thames I know of but very few. On the whole these 
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lower gravels have a more washed, sorted, and worn character than the upper gravels, 
although there is in these also a cei*tain proportion of angular materials. 

As the various Eocene, Miocene, or Pliocene strata spread over the South of England 
and North of France prove that, at some comparatively late geological period, the sea or 
large lakes extended over that area, it follows as an almost necessary consequence, that, 
when the land rose from beneath those seas or those lakes, a mass of debris, in quantity 
and length of transport proportionate to the greater or less rate of elevation and the 
depth of the superincumbent waters, must have been spread over the bottom of the 
channels along which the water flowed off ; and assuming the rise to have been tolerably 
uniform over considerable districts, the course of the currents would be influenced by the 
form the land assumed during its emergence, or in fact by the present watersheds, which 
either result from or else bore part in that operation. In either case the ultimate effect, 
so far as our position is concerned, would be the same. That this must have been a 
mra causa to a certain extent is manifest, inasmuch as that which was sea or lake is 
now dry land ; and although it will not explain the origin of all the high-level gravels, 
there is a certain proportion of these beds which may nevertheless have this older and 
independent origin* : it is to be distinguished by rising higher up the hills, and not 
being restricted to so definite a level as some of the other beds. I have reason to believe 
that some of the gravels in the South of England and the higher levels of the Somme 
valley may be of this age, — such as those above Epagnette, and the higher levels of 
those above Breilly and Montiers. In proof of the existence of some gravels older than 
those of St. Aclieul and yet belonging to the Somme valley, I would mention the not 
uncommon occurrence at that place of subangular flints, with a deep brown staining, 
imbedded in layers of perfectly white gravel. As this discoloration can only arise from 
the flint having been imbedded at some time in an ochreous or ferruginous matrix, I 
infer that such specimens are derived from beds of gravel of that character, and older at 
all events than the St. Aclieul gravels. As a proof of their staining being clearly 
unconnected with any colouring-matter of the existing matrix and being of older origin, 
I noticejl that they have all had a second rolling, and that where their first angles have 
been worn off and the outer brown coat removed, the eroded surfaces often show, fiist 
an original white crust, and then the black core of the flint, without any change of 
colour on these fresher surfaces due to their present position. 

The theories that have been formed to account for the entire series of these valley- 
gravels by the bursting of lakes, by the sudden melting of the glaciers and snow of 
mountain-regions, or by the transitory passage of any body of water over the land, are 
open to objection, because the debris would have been swept along in fewer and more 
definite directions, or would have held its course more irrespective of the existing water- 
sheds, and would have shown an amount of wear in all cases proportionate to the dis- 
tance travelled. Not only is this not the case, but the condition of the fragile shells 

* Another portion of the high-level gravels must have been formed before the country became inhabited, 
and would therefore also be unfossiliferoiis. 

MDCCCLXIV. 2 P 
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shows the Testacea to have generally lived on the spot ; and the sharp and entire state of the 
greater part of the fossil bones shows that they have rarely been rolled far or subjected 
to much violence*. The deposits we have noticed might be, it is true, lake deposits so 
far as these organic remains are concerned ; but the continuity and the distant transport 
of the gravel, and its uniform relative wear, point to water with a course, in each case, in 
one direction of commensurate length ; while the absence of the remains of any inde- 
pendent basins, depressions, or barriers in the high-level valley, referable to old lakes, 
indicate that even the oldest beds arc due rather tp early river-action — the rivers, how- 
ever, having been necessarily broader at some places than at others. 

§ 4. THE BRICK-EARTH OR LOESS. 

All the valleys of the South-east of England contain brick-earth forming banks on 
their sides and often beds at various heights on their slopes. This is particularly appa- 
rent in the valleys of the Stour, the Medway, and the Thames. In France it is seen on a 
larger scale in the valleys of the Somme and the Seine and of their tributaries. This 
deposit contains occasionally some land-, and rarely a few freshwater shells, and it is in 
almost every respect identical with the Loess of the valley of the Rhine. This well-known 
formation has been described as an independent deposit by various geologists, amongst 
others by Sir Charles LvELLf, who concluded that it was a fluviatile silt deposited by 
that river after its hydrographical basin had acquired very nearly its present outline of 
hill and valley ; and he explained the height (near Basle 1200 feet above the sea) to 
which it rises above the valley by supposing a filling up of the main and lateral valleys 
by river silt during a period of subsidence, and a re-excavation in part during a subse- 
quent upheaval. In many respects the analogy established by this distinguished authority 
between this ancient rivcr-dc;posit and that of the plain of the Mississippi, and his argu- 
ment in favour of its fluviatile character, are satisfactory and conclusive. 

The difficulty I have felt in applying this hypothesis in its entirety to certain valleys 
in the South of England, and more especially to the valleys of the Somme and the 
Seine, has been the great height to which the Loess rises above the levels of these 
rivers, and the impossibility, for reasons assigned at p. 265, of admitting such a deposition 
of silt to have taken place since their present basins had been formed ; nor would it be 
easy to conceive pre-existing depressions, of the depth we shall have to speak of, to have 
been filled up without an influx of the sea further inland than at present, and a conversion 
of the river-valleys into narrow estuaries far beyond existing tidal influences. But the 
evidence is rather in a contrary direction. The quaternary deposits adjoining the 
estuary of the Thames show conditions more purely freshwater than those which now 
obtain in the adjoining waters. The Loess at Menchecourt contains no trace of marine 
organisnis ; and in the valley of the Seine we have recently found freshwater shells in the 
low-level valley-gravels of Rouen. At the same time a subsidence so regulated as to be 

* There arc, however, a sufficient number of rolled fra^ents to show wear in river-shingle. 

t Manual of Elem. Geol., 5th edit. p. 122 ^. By some it has been considered a glacier mud. 
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exactly proportioned to the accumulation of river sediment and to keep out the sea is 
very difficult to imagine, and is certainly not supported by the facts. 

What I propose to show is, on the contrary, that the brick-earth is intimately associ- 
ated with all the valley-gravels and is contemporaneous with and dependent upon them 
from the beginning to the end of the series, the higher deposits having been formed 
before the excavation of the valleys, and those on tb© lower terraces being of later date. 

I have said that in the valley of the Somme the high-level gravels rise to the height 
of 100 feet above the river ; and from some recent observations I conclude that there are 
some beds which attain a height of 150 feet. Now, if we take this latter level as having 
been the floor of the valley through which the river flowed at the period when these 
gravels were deposited, we shall find the Loess still extending to about 60 or 80 feet 
above such a plane. At the same time we know that the greater portion of it is accu- 
mulated in irregular masses on the slopes of the hills at a still lower level, where it 
either reposes immediately upon the chalk substratum or else covers the low-level 
gravels. In the adjoining valley of In Bresle I found traces of the higher gravels 40 feet 
above the river, and the Loess, with Pupa &c., rising to 110 feet above this level. 
In the valley of the Oise, near Creil, I noticed traces of gravel on hills 65 feet abo^ e 
the river, whilst the Loess rises to a height of 115 feet. In the valley of the Seine T 
observed the high-level gravel at the Pont de I’Ai’che rising 140 feet above that river, 
and again the Loess 50 feet higher. In the neighbourhood of Mantes and of Rouen 
we found analogous phenomena. The great height to which the Loess rises in the 
neighbourhood of Paris has often been remarked upon by the French geologists, and 
its occurrence on the hills above Meudon has long presented a difficulty*. Its height 
there is about 320 feet measured by an aneroid barometer. It is perfectly well 
developed, is several feet thick, contains a few land shells, and presents all the cha- 
racters of the same material on the lower levels. M. Charles d’Orbigny has shown 
me the Loess rising up to the top of the hill above Ivry, and between the fort and 
Villejuif. It there attains a height of 305 feet above the river. These levels give a 
height above the high-level grav(ds of 150 to 200 feet, for at the Butte-aux-Cailles these 
are not more than 130 feet above the river ; but some giuvels I observed on a hill-terrace 
near Mont Valerien may be as much as 150 to 160 feet above the Seine. Further searcli 
may also show the existence of higher beds ; or such beds may have been denuded. 

However much, in fact, the Loess may extend beyond the limits of the present river- 
valleys, it is always bounded by higher hills flEinking the plains and the lower ranges. 
Thus, though it spreads over the low plains and hills of Belgium, it does not rise more 
than two-thirds up the flanks of Mont St. Pierre at Maestricht. In Kent it extends 
far up the slopes of the hills flanking the river-valleys, but it is in all cases bounded 

* This outlier of Loess has been represented as capping those hills. This would greatly increase the 
difficulty of connecting it with any old river-action, as it would extend the river botindaries to a compara- 
tively indefinite distance. Such, however, is not the case. High as it is, it is still at least 100 feet below the 
summit of the hill. 
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by the higher chalk hills*. So again in the valley of the Somme, both the flanks of 
the valleys and the lower hills adjoining the valley are covered, but the; higher water- 
sheds between the different valleys are free from it. A general section across the 
Somme valley may be represented thus (fig. 16). 

Fig. 10 . — Theoretical section across the valley of tlie Somrne. 



The Loess is therefore, like the high- and low-level valley-gravels, connected with 
existing river-valleys, although the connexion is, owing to its irregularity and wider 
extension, not so apparent ; and it becomes a question whether they may be related to 
the same common cause, presenting two phases connected with temporary changed condi- 
tions. In the first place, such organic remains as are found in the Loess are all common 
to the fluviatile gravels ; but in the latter they are coordinate with a fauna of a more 
freshwater character. Thus there exists in the lower marl, gravels, and sands at Men- 
checourt the same species of Helix, Pupa, and Clausilia as occur in the overlying Loess. 
In the former, however, they are intermingled with Limnoea, Bythinia, Planm'Us, and 
other freshwater shells, whereas in the Loess these shells are the exception (see p. 285). 
With the shells in the Loess are also associated the remains of the same species of 
Elephant, Horse, Deer, &c. as are found in the underlying series. 

It is well known that in all rivers subject to floods and carrying down much sediment, 
as, for example, the Severn in its lower course, three forms of sediment will be de- 
posited: 1st, coarse gravel and shingle in the more direct channel through which 
the waters flow with the greatest velocity ; 2nd, sand and fine gravel in those portions 
of the more direct channel where the velocity of the stream is checked from any cause ; 
and 3rd, fine silt and sediment in those parts where the flood-waters out of the direct 
channel remain for a time in a state of comparative repose ; such places are the lee- 
side of the hills, lateral valleys, and plains, and any local depressions or hollows : none 
or little would accumulate in the main channel, as the scour of the retiring waters 
would there prevent its deposition. 

In like manner I conceive the Loess to be the result of river-floods commencing 
at t^e period of the highest valley-gravelsf, and continued down to the end of that 

* In the valley of the Thames the Loess covers the low-level gravels in thick masses, but is very scantily 
spread over any part of the high-level gravels, and is rarely to be traced much above them. — March 1864. 

t The Loess may have begun to form even before the fossiliforous high-level gravels, and therefore pro- 
bably when the floor of the original valley was yet higher than those beds indicate, 
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of the lowest valley-gravel ; that the higher beds (b) were formed at the time the higher- 
level gravels were being accumulated in the bed of the old river ; the beds {V) after 
the gravel {d) was left dry ; -whilst the lower beds {V') result from inundations of the 
river after the excavation of the valley C, and when the higher levels were beyond the 
reach of floods. The same characters prevail throughout all the levels, except that the 
lower masses usually contain more shells, and show more distinct traces of bedding and 
lamination. That the deposit of Loess was out of the reach of the ordinary current of 
the river is evident from the circumstance of its containing no rolled pebbles or fluviatile 
shells — except a few of either sometimes swept in from the ordinary river-channel, and 
serving to show the connexion of the two deposits, — from the uniformity of its compo- 
sition, and from the local nature and angularity of its debris. It presents precisely 
those characters which would result from fine deposition from turbid waters, with the 
occasional presence of a few angular fragments of the adjacent rocks. As the waters 
subsided, this silt would be left in sheltered positions, would be adc^ed to from year to 
year, until, as the river wore a deeper channel, the first-formed sediment would be left 
permanently dry, only to be disturbed by meteorological agencies, which would from 
time to time carry down portions of it into the river, now at a lower level, there to be 
re-deposited at such lower levels. 

Another proof of its limited extent and of its not having at any time filled the valleys, 
is that in the lower levels, when it abuts against the hill-sides, it always slopes up 
towards the hill, following in fact nearly the present shape of the ground, and does 
not form horizontal beds cut off and truncated in the way which so generally occurs 
with the higher-level gravels, or when sedimentary strata have been excavated. 

On this view of the subject the difficulty otherwise experienced in conceiving floods 
of a magnitude such that the waters would rise to the brim of these deep valleys, or in 
supposing these valleys to be filled up with silt and afterwards re-excavated, is avoided, 
for it would reduce the rise to be accounted for to limits more compatible with our 
experience of certain existing rivers. It is possible also that variations in the extent of 
elevation of the land may even cause the difference often to appear greater than it is. 

There is one seeming difficulty to this hypothesis, which must occur to every field 
geologist: it is, the apparently distinct separation of the Loess and the underlying 
gravels wherever they occur in association. But a close examination will sometimes 
show thin seams of loam, not to be distinguished from the Loess, intercailated in the 
gravels, especially in ‘ the higher levels, though as a rule the masses of tliis material 
invariably overlie the gravels. The explanation of this fact is, I apprehend, to bo found 
in the circumstance that it is only when the shingle or gravel ceased to be deposited, 
owing to the changes in the level or course of the river, that the Loess could accumulate. 
So long as the place was in the direct line and on the level of the stream, and subject 
to its scouring action, no such deposit could take place. Consequently, so long as the 
bed of the old river was on the level of d, diag. fig. 17 , so long would the accumulation 
of the Loess from the rise of the flood-waters to o be restricted to b. When the valley 
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became deepened to c, the gravels <?, though raised above the river-channel, would still 
be subject to be covered on the occasion of the flood-waters rising to and the Ijoess 
would accumulate at b\ covering the gravel d and sloping up against the side of the hill 
to the level of the line n. So again when further deepened to d, the Loess would be 
deposited at d' so long as the flood-waters rose to or to any point between c and jn. 


Fig. 17 . — Diaqram representimj one side of a vaUey with a series of gravel and Loess beds. 



The Loess occasionally contains thin seams of gravel, derived sometimes from the 
underlying gravels d and c, but more frequently from the adjacent land-surface. The* 
extreme sharpness, as a rule, of the d<5bris from the latter, leads me to believe that the 
transport of such angular fragments, and the common irregularity of their bedding, arose 
from drifting shore-ice. The usually small size of the fragments and the general absence 
of subangular gravel is also compatible only with the thin ice that might be formed at 
night during the spring floods, and away from the shingle-strewed river-channel. 

The valley-gravels by themselves give no direct evidence of the extent of the floods. 
They merely show, in the quantity of debris, the coarse shingle, and the worn blocks, the 
results of torrential action. If, however, we admit the flood- water origin of the Loess, it 
necessarily follows that, as we And this" deposit on ground 50 (if not 100) feet above 
the highest beds of the valley-gravels (which fix approximately the position of the main 
channels of the old rivers), it gives a measure of the floods of that period, and shows them 
to have exceeded even those of arctic rivers at the present day, for the waters of these 
rivers rarely rise more than 40 to 60 feet above their low summer level. This fact fur- 
nishes, therefore, strong corroborative evidence of the scouring and erosive energy of 
these old rivers, and tends to strengthen the opinion, before expressed, of their power to 
excavate, when taken in conjunction with the other agencies before described, the large 
valleys through which the rivers now flow in such dwarfed volumes. I would obsei^e 
that in each valley the height to which the Loess rises above the high-level valley- 
gravels is proportionate to the length of the valley and the area drained, showing 
therefore its dependence upon them, and that it is not referable to any uniform level or 
to any general cause. 

Another character common to the Loess, and pointing, I conceive, to the same flood- 
water origin, is the presence of numerous small worm-like cavities penetrating the mass. 
These appear to me to be likely to have arisen in most instances from the presence of 
the vegetable and animal matter with which flood-waters are always more or less charged, 
and which, deposited with the mud, decomposed and gave rise to gases that, as they 
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escaped through the soft and pasty silt, leavened, as it were, the mass, and produced 
these innumerable tubular cavities. 

Sometijnes the Loess puts on a local character, derived from either adjacent chalk, 
sand, or clay beds. It then becomes so modified as to render its true character not 
easily distinguishable. In some cases it becomes very argillaceous, in others very sandy 
or very chalky. Occasionally it is so full of angular rock- or flint-fragments as to pass 
into an angular gravel. It is the presence of a local bed of this nature, made up in part 
of the angular fragments so peculiar to the Loess, and partly from the subangular gravel 
taken up from the underlying white gravel (Diluvium gris), and generally deeply coloured, 
which has given rise, in a number of cases, to the Diluvium rouge (part) of the French 
geologists, as exhibited in the sections at Charonne, Gentilly and Joinville, as well as at 
Abbeville and Amiens. Therefore, so far from being a separate deposit, this bed at these 
places is, I consider, merely an accident of the Loess, which again is merely a condition 
of a river-deposit of the period of the valley-gravels ; so that, instead of the four separate 
deposits of ‘ Loess,’ ‘ Diluvium rouge,’ ‘ Sable lacustre,’ and ‘ Diluvium gris,’ into which 
some able French geologists would divide the deposits at Gentilly, Joinville, St. 
Achenl, &c. *, I would divide them, on lithological characters alone, into two groups — 
the Loess and the Valley-gravels ; whilst so far as age is concerned I should consider 
them as one, representing phases of like causes under different conditions. 

§ 5. ORGANIC REMAINS OF THE VALIJIY-GRAVELS. 

As it is very desirable to determine whether any changes in the fauna occurred during 
the period which elapsed between our earliest fossiliferous high-level valley-gravels and 
the latest low-level gravels, I have attempted to form separate lists of the organic re- 
mains of each series. I feel, however, that we are not yet in a position to do so with cer- 
tainty or completeness. The difficulties in the way are, 1st, the uncertainty as to which 
series the beds may in some cases belong to ; 2nd, the frequent absence of record as to the 
level at which the organic remains have been found ; 3rd, the incompleteness of the search. 
I therefore submit these results merely as an approximation and a commencement. 
I am indebted to Dr. Falconer and M. Lartet for much valuable information respecting 
the mammalian remains, and to Mr. Gwyn Jeffreys for the correction of my former 
lists of the MoUusca, and for his kind assistance in determining additional species. 
As a term of comparison for the MoUusca, I have taken the group of land- and 
freshwater sheUs now inhabiting the districtsf where the fossil species are found, 
adopting, generally, Mr. Gwyn Jepfreys’s nomenclature and distribution for England, 
and taking for their range in France M. Picard’s “ shells of the department of the 
Somme ”J, M. Bouchard-Chanteeoux for those of the “ Pas de Calais,” and M. Baudon § 

* Bull, de la Soc. G^l. do France, 2* s<?r. vol. xii. pp. 1277, 1297, 1298 ; vol. xvii. pp. L8, 19, G7-78, 108. 
(With reference to M. Hubert’s observations, 2* ser. vol. xvii. p. 18, see his “ roctificution,” vol. xii. p. 2.55.) It 
was not until towards the end of 1859 that this able geol(^8t expressed belief in the discoveries at St. Aeheul. 
f Forbes and Harlet’s ‘ British MoUusca,’ and Mr. Owyr Jeffkeys’s ‘ British Conchology,’ vol. i, 

+ Joum. de la Soc. Linndenno du Nord do la France, voL i. p. 149. § Soc. Acad, de I’Oise, 1855. 
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for those of the Oise. I have given in the Appendix the results of this examination of 
the range of the quaternary species of the beds under review. 

High Levels. — The high-level gravel of St. Acheul has furnished a distinct^and toler- 
ably complete list of Mollusca ; but in England the evidence is more imperfect. Hoxne 
supplies but few species, and some uncertainty attaches to the level of Biddenham*. 

Out of a total of 109 land- and freshwater shells now inhabiting the South of England 
and North of France, 36 species have been found in the flint-implement-bearing high- 
level gravels; and of the 12 freshwater genera 8 are represented in these old alluvia. 

There is a singular scarcity of Unionida) and Paludinidse. The Neritinid® are not 
present at all. The Tiimn®ad®, of species inhabiting marshes and pools, on the contrary, 
abound, together with, in places, the fluviatile species of Ancylus ; the Ilelicidse are, 
Succinea excepted, poorly represented, compared to their numbers in the low-level gravels. 
A variety of species are common at St. Acheul, while at Montiers one species of Pupa 
(P. marginata) occurs *in thousands with but few other shells, and in the various other 
isolated patches of high-level gravels between Amiens and Abbeville, including the 
beds at Moulin Quignon, I have not been able to discover any traces of shells. They 
are equally rare in the high-level gravels of other valleys, except at a very few places. 
Combined with this scarcity, there is also an absence of such shells as would mark full 
deep rivers or lakes, whilst such as might be found in broad and shallow rivers, that, 
like many of those of Northem America at the present day, are flooded at one period 
of tlic year and nearly dry at others, occur at long intervals. In most of these northern 
rivers shells are also extremely scarce. Mr. Bell mentions an instance where he 
travelled along the banks of the river Magdalen for four weeks, during which the 
only shell he met with was a species of lAmnaa^. This scarcity of shells is common in 
most of the rivers in these high latitudes. Along such rivers, however, there are often 
quiet pools, where shells arc more numerous. If to the limited fauna found under these 
circumstances we add the land-testacea carried down by freshets and by small tributary 
streams, the shells so brought together would form a collection very similar in character 
to that which we find in these post-pliocene deposits. 

At St. Acheul Mr. Godwix-Austen called my attention to a large sandstone block 
having on its surface numerous rudely worm-shaped lines of concreted sand, bearing 
a very close resemblance to those made by the sand-covered gelatinous attached polyzoa so 
common in our clear stony-bedded streams, as a proof that it had lain in a running stream. 
Such specimens are not rare, and taken with the absence of mud or clay beds in these 
gravels, and the general character of the shells, lead also to the inference that the old 
rivers were usually clear and limpid. 

With respect to the species, of Mollusca, they show, with few exceptions, a near 

* I give the list of shells I have found at Biddcnham, together with the list of those found by Mr. Wtatt 
at Summer-house Hill in bods which certainly belong to the low-level series. I do not, however, feel sure that 
both Biddenham and Joinville, though distinctly above the low-levels, should not be placed on an intermediate 
level.— Feb. 1864. 

t Geological Survey of Canada, 1857 <fe 1858. 
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identity with those now living in the same area. There are rarely sufficient modifica- 
tions in size or form to lead us a priori to infer any material differences in the conditions 
under which they lived. Certain species of Pisidiumy CyclaSy lAmnoeay Succineay Planor- 
biSy HeliXy &c., were then, as now, among the most abundant shells. Some varieties, 
such as one of Pisidium fontimloy and that of Helix pulcJiellay are, I am informed by 
Mr. Jeffreys, forms more peculiar to the north of Europe. The Hydrobia marginatay 
though not known in northern Europe, ranges high in the subalpine tracts of the Jura 
and Alps. 

But though there is nothing sufficiently specific in the individual. species to indicate a 
climate different from that of the present day, there is at the same time nothing to 
require restriction to an identical climate. If, further, we look at the group as a whole, 
we shall find it to have not only a very wide range, but one more in a northern than in 
a southern directioq. Of the 36 species found in these high-level gravels, 29 are found 
in the plains or on the hills of Lombardy*, whereas 34 of them range to Sweden and 31 
to Finland ; amongst these are the common SuccvMa putriSy S. elegansy Helix ki^da, 
H nemoralisy 11. pulchellay Zonites radiatulusy Pupa marginatay lAmrwea peregray L. pa- 
lustrisy L. trvMcatulay PlanorUs vorteXy P. complanatuSy P. aUmSy P. spirorUsy Pythinia 
tentaculatay Ancylus Jkmatilisy Valvata piscinalisy Cyclas comeay Pisidium amnicmriy and 
P. fontinale. Many range further north in Europe, but there is no list of the land and 
freshwater shells of any more northern district so complete as that of Finland f. It is 
known, however, that a great number of these same species are found in Siberia. The 
annual freezing of the rivers, even in less northern latitudes, proves at all events the 
power of these mollusks to endure a great winter cold J. This capability of enduring 
severe cold, and their northern range, show that they could readily have adapted them- 
selves to great changes of climate in the region where they are now found. The general 
absence of, southern species is also not without its significance ; for while out of a total 
of 77 Finland species 31 have been found at the few places named in our list (see Ap- 
pendix), only 29 out of the 193 Lombardy species have been met with in these beds. 

Our knowledge of the fossil Mammalia of the high-level gravel-beds is very incom- 
plete. I might, it is true, include those I have reason to believe are of the same age 
and which would furnish us with more complete and positive data — such, for instance, 
as a great number of the cave-deposits ; but, from the circumstances I have before alluded 
to, I deem it best to confine myself to these particular beds and to the localities where 
flint implements have been found. Few of oiir own high-level gravels contain any 
organic remains at all : in the greater part they are entirely absent. 

* Catal(^ dei MoUuschi della Lombardia, by A. & 6. B. Yjua. Milan, 1844 & 1853. 

t Finland MoUusker, af Nordenskibld och Hylander, Helsingfors, 1866. 

$ Fxoabd mentions im instance whore some specimens of lAmnoea aurieuJaria he had placed in a vase, froze 
in the ice, which was exposed to a temperature of —2P Fahr. When the thaw came and they were released 
they soon recovered and became as active as ever. — Op. cit. p. 278. 
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The mammalian remains at present recorded from the High-level Flint-implement- 
bearing Gravels are : — 



Iloxne. 

Bedford. 

Biddenham, 

Amiens. 

Sf. Acfieul, 

Elephas iirimujeni us 

* (sp.?) 



antujum 

.... 

* 


Blunoceros tichorhinus 


* 

.... 

Equus (tho common fossil species) . . 

1 

1 ^ 


ifF 

Bos ( jjn jnhjenhis / ) 




Cenms 

1 * 



taramhis 


* ? 

.... 


This list is very small, and would not of itself suffice to prove the character of th(! 
climate. We know only that the Elephds primigenius and Rhinoceros tu^orhinus arc 
considered, from their association and their structure, to have inhabited countries pos- 
sessing cold climates ; and that their remains are found chiefly in the subarctic and north 
tempc'rate zone, and are not known south of the temperate zone. We know also that the 
Horse and the Ox brave the winters of Siberia and Northern America. The Reindeer 
is essentially a northern animal. 

Of the flora of this period we have very limited means of judging. Generally the 
high-level gravels contain no vegetable remains, with the rare exceptions of mere 
fragments of decayed wood. Occasionally, where lodgements have been eflect(?d out of 
the direct course of the main stream, plant-remains are more abundant, and the wood 
larg(;r and more perfect — so much so as to lead to a hope that ultimately we may And 
a favoured spot containing the requisite evidence respecting the vegetation of the period. 
In the mean time there have beem found at Hoxnc large pieces of the stem and branches 
of the Oak, Yew, and Fir, and traces also of leaves and seeds*. These trees, common 
in our latitudes, have at the same time a considerable northern range : and, as with the 
Testacea, there is thus far an absence of southern forms. If we may consider the Oak as 
defining an extreme of climate, we shall find ourselves rcjstricted in a northern direction 
to some moderate degree of cold, for the Oak in Europe does not extend beyond 58® to 
63° lat., with a winter temperature of from 15° to 20°. In America it reaches, and that 
only in a stunted form, no further north than the basin of the Saskatchewan, within a 
short distance of Cumberland House, in 54° lat., where, however, the winter tempera- 
ture is — 3®’7t* It may be a question whether in those latitudes where the sun would 
have more power than in the higher latitudes first named, and where consequently the 
ground in the summer would thaw to a greater depth, the Oak may not have thriven 
under a winter temperature more nearly like that of the American region. 

* I since found, in the autumn of 1863, a few impressions of a loaf, apparently of a Bilberry, in bed d, at 
Hoxnc. With these there were also numerous valves of Cyprides and some calcareous grains of Arum ater . — 
Feb. 1864. 

t Arctic Searching Expedition, by Sir Johk Eichabdsok, London, 1851 ; The Yegetation of Europe, by 
A. Hkxfrey, London, 1852 ; Gdographie Botanique, par A. De Candoli.e, Paris, 1855. 
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It is evident* that if we had to depend only upon the organic remains for decisive 
evidence of the nature of the climate of the period under inquiry, we might fail to 
arrive, on the present data, at any exact or positive conclusion. All the recent species 
are such as are now to be found within the limits of the temperate zone, but they 
appear to agree better with the fauna and flora of its northern than of its southern 
provinces; the Fossil Mammalia may also, from their general association and distri- 
bution, be considered to have inhabited cold countries ; so that there is a balance in 
favour of the probability of a severer, but not of an extreme climate. On the on(‘ 
hand, we are restricted in the degree of mean winter cold by the presence of trees, and 
more especially of the Oak ; on the other, we are restricted in the degree of heat by 
the range of the Keindeer and the absence of southern forms. 

If, further, we take these indications in conjunction with the physical features before 
described, the conjoint evidence has more weight and preciseness. Limited as the evi- 
dence of the organic remains is, it is at all events in accordance with the physical 
evidence in favour of a considerable winter cold. It is possible even to attempt some 
approximate limitation. Thus a climate where, the Oak, the Yew, and the Fir (and 
the Bilberry) throve, where Beindeer lived, where Deer, Horse, and Ox abounded, aqd 
where the rivers were subject to periodical floods, and froze so as to transport large 
boulders for considerable distances, presents conditions which would probably accord 
with a mean winter cold of not less than 20°, while it may have been as low as 10° or 
even lower. This would bo from 19° to 29° under that which now obtains in these 
regions, taking the winter temperature of the S.E. of England and N. W. of France at 39° 
— a difference, under normal conditions, equal to that of from 10° to 20° of latitude on 
one meridian. 

Low Levels. — ^The organic remains of this series are more numerous and afford better 
evidence of climatal conditions. 

Mollusca. — Of the 36 species of shells enumerated in the high-level gravels, 31 occur 
also in our lower gravels, together with 20 species which have not yet been found in the 
higher series of these districts, making a total of 61 species belonging to the beds now 
in question*. In the present state of the inquiry I attach little weight to the pre- 
sumed absence of 6 high-level gravel species ; while it remains to be seen how many of 
the additional 20 species may be found in higher beds elsewhere. Amongst the addi- 
tional species are the Carychium minimum and Helix fruticum. The former has a wide 
range in England and over every part of the Continent ; the latter, on the contrary, is 
a temperate and north European species, but does not live in England. Tlie Helix 
arbust(yrum is also of the small variety characteristic of cold or alpine regions, while 
the H. pygmea is likewise a northern species. On the other hand, several other species 
of Helix (see Appendix) found in these beds range through central and southern Europe 
only. The other species to be noticed in these newer beds, are the Pomatias obacurusy 

* The lists from the loW levels of Abbeville and Bedford are given in the Appendix. The latter are from 
Mr. Wtaxt’s descriptions of the sections at Harrowdon and Sammerhouse Hill. 

2q2 
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Claimlia plicatnla, and Vitrina diaphana^ shells now living in France but not in 
England, and all of which Mr. Gwyn Jefpbets has recognized in my collection from 
Menchecourt*. The last-named shell is more especially alpine; whereas the Cyclostoma 
elegans, which abounds at this place, and has not been found at either St. Acheul or 
Biddenham, has a range essentially southern, not being now found north of central 
Germanyf. 

Besides the land and freshwater shells, the following species of marine and estuarine 
shells have been met with at Menchecourt : — 

Bwcimmx vnclatum. Littorina squnlida. Cardium eduU. 

Fusm. Nassa ret'imlata. Ostrea eduViB. 

LiUorimt littorea. Purpura laqtUlus. Tellina Balthica. 

These, like the freshwater shells, present, with two exceptions, no differences from the 
recent species. These exceptions are, according to Mr. Gwtn Jeffreys, Z. sgualida, 
which is now absent from our shores, but lives on the coast of Norway; and the 
T. Balthica^ which is of the northern variety. Both these shells are found in other 
postpliocene deposits of this country, and range back as far as the Crag. 

•But the most important shell at Menchecourt is the Cyrena fimrdnalis^ of which I 
have foimd three specimens J. This mollusk, as is well known, now lives in the Nile and 
in mountainous streams of central Asia — a range presenting great extremes of climate. 

It is evident that at Menchecourt the waters were saline or brackish. As in the 
estuary of the Thames at present, the Cardium edule and the Littorina littorea were then 
common shells. The Buccinum undatum was far from rare. Of the Ostrea I have only 
found one dwarfed specimen. Associated v^ith these are numbers of lAmncea^ Helix, 
and other freshwater and land shells, washed down into the estuary by freshets of the 
old streams or rivers. On some of the large flints in bed e (former paper, p. 284), which 
are as fresh and perfect as though just taken from the chalk, 1 have found attached the 
opercula of Bythinia. These flints were probably carried down undisturbed with the 
Bythinia itself attached, from the bed of some small tributary stream, by the agency of ice. 

That shells should be found at Menchecourt and Mautort and not at Montiers and 
8t. Roch, arises, I imagine, from the overwhelming floods, and from the laige mass of 
constantly shifting shingle along the bed of the old river, which would be influenced 
tliereby throughout the length of its main channel above tidal influence. But where 
the tide met the current, near Abbeville, the force of the latter being much checked — 
especially where any projecting land sheltered portions of the river from its full effect, 

* A curiouB feature of the period is the abundance of two species of slugs. In some of these beds, and more 
especially in the Loess, at Menchecourt J had found numbers of small oval calcareous bodies, for the origin of 
which I was at a loss to account until Mr. Gwtn Jeffrkys recognized them os the calcareous grains found in 
the Arion ater. The small shelly shield of the lAimx agrestis is also found, but less abundantly. — April 1864. 

t Gwtn Jeffebts, ‘ British Concholc^,’ vol. i. p. 305. 

t It is singular that in the greater number of places where the Cyrena Jhminalie occurs in a fossil state 
the waters have been brackish o^ estuarine, as at Grays, Chislet, Abbeville, and in Norfolk (the Crag) &c. 
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as the hill of St. Gilles with respect to Menchecourt — ^there we might expect a quieter 
deposition of sedimentary matter ; and this we find to be the case at the latter place. 

These causes, as in all rivers of the present day subject to heavy periodical floods, 
must have operated very generally durii^ this quaternary period, and have rendered 
the remains of freshwater mollusca in these fluviatile deposits the exception and not the 
rule. As a proof of this, I may remark that I am not aware that land and freshwater 
shells had been noticed in the lower gravels of the Seine valley until I discovered the 
few species mentioned at page 261*. Neither the valley of the Lark nor the valley of 
the Waveney have yet yielded any. In the valley of the Ouse they are more common, 
though still comparatively scarce. 

As with the pulmoniferous Testacea of the high-level gravels, although there is 
nothing in the individual species found in the low-level series to give a definite clue to 
the character of the climate of the period, still the group maintains its northern ten- 
dencies, there being, out of a total of 52 species, 42 now living in Sweden and 37 in 
Finland (or nearly one-half of the Finnish species), whereas only one-fifth, or 38, of the 
Lombardy species occur in these quaternary beds. The marine shells are also common 
temperate and cold-climate species. The TMtorina squalida alone slightly weighs the 
balance in a more northern direction ; but, on the other side, we have to notice the 
introduction of a few more southern land and freshwater species, such as the Unio 
littoralis^ of the Helix caperata, Pormtids obscurusy and the 'abundance of (^clostoma 
elegansy which may be taken as some evidence of a more genial climate than that of the 
period preceding it. The profusion also of the land and freshwater testacea, and the 
greater abundance and variety of animal life, support this latter view. The great bulk 
of the species, both of Mollusca and Mammalia, being common to both levels of gravel, 
we may presume that no very important change in the mean temperature then took 
place, and that any transition was gradual, although it is possible that the winter 
climate of the one period may have differed to some extent from that of the other. 

The following species of Mammalia have been found in these low-level gravels. I 
am indebted to Dr. Falconer for the determination of all the Bedford specimens, and 
to M. Laetet for the Paris list. The species from the Somme valley are the same as 
given in my former paper. 

This list, although more complete than that of the other series, must be taken onlyhs 
a very partial representation of the fossil Mammalia of the period. There are other 
localities beyond our inquiry which, as with the Mollusca, would afford a larger and 
more varied list, like, for example, the valley of the Thames f; but, as I purpose to 
show their synchronism at length, I consider it better in this more special inquiry to 
confine myself to the above species. There are enough, independently of other loca- 
lities, for the general argument, which, so far as regards the Elephant and Rhinoceros, 
follows the same line as that relating to the high-level gravels. 

♦ Besides these (ante, p. 261) I found in a marl in a higher level and corresponding with the Loess, Helica 
hispida, H. imlehdlay H. nemomli$. Pupa marginatay Svtceinea putris, Avion aUr, and Bylhinia tentaeulata. 
t And the valley of tho Wiley at Salisbury (Dr. Blackhobk's remarkable collection).— March 1864. 
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Bedford, 

Great Northern 
Railway^ or 
Summer-houne Hill. 

Abbevilio, 

Menchecourt. 

Aniiens, 

St, Soch. 

Paris, 

Grenelle, Ivry^ 
Clichy, or the 
RiiedeReuilly. 

Elephas primigenius, Blum . . 

♦ 


* 


ontiquus, Fale 

* • 

.... 



Rhinoceros tichorhimis, Cuv. 

♦ r 

♦ 

♦ 

ih 

mogarhinus, Christol. 

* 

.... 

.... 

♦ ?'r 

IJrsus spelacus, Bhim 

* • 

* 

.... 

.... 

Hyaena spcla)a, Gold 

.... 

♦ 

.... 


Felis spelaca, GoUl 

... 

♦ 

.... 

m 

Bos primigtmius, Boj. 



♦ 

# 

Bison prisons, Boj. 

* 


.... 


Equus (possibly two species) 


* 

* 

* 

Cervus® ourj'ccros, Ahlr. , . 

\ ★ 

.... 

.... 

.... 

elaphus, Linn 


♦ 


* 

turandus, Linji 


* 

.... 

* ^ 

Hippopotamus major, Nesti. 

* i 

.... 

m 

* 9 

Sus 


.... 




' This determination is by Dr. FAtcoNES, but rests upon a single fragment of a tooth I found in the pit at 
the Rue de lleuilly. I have a molar tooth of probably another species of Rhinoceros (R. hemitceehus, Falc.) 
Iroin Bedford, but it is too low worn for a confident determination. ® I omit the Cervus Somonensi^, as 
Dr. FAX.CONKR and At. Lautkt consider its specific distinctness very doubtful. The specimens from the railway 
cutting are in my collection ; those from Summerhouse IIUl arc in Mr. Wyatt’s. Where, in columns 1 and 4, 
th(? spcfiimens are known to mo only from one of the localities, that place is designated by its initial letter. 

There is no doubt thdt the Reindeer lived during the period of formation of the 
St. Acheul beds, although not found at that spot; in the lower valley series it is a com- 
mon species. We know that this creature now ranges from the shores of the Arctic Sea 
to about 46^ N. lat. in Asia, to 47° in America, and 60“ in Europe *. This corresponds, 
in the first instance, with a winter temperature of about 19°; in the second with one of 
16°; and in the third with 23°Fahr. These parallels, however, give only the line of 
winter migration of the Reindeer. Their chief home is in the more arctic districts, of 
which these latitudes are merely the southern boundaries. The Aurochs is now 
restricted to a region of which the winter climate is 25“. 

The Musk Ox, which is found fossil in the low-level gravels of the valley of the Oisef 
(as well as in the Thames valley), is more essentially an animal of cold countries, 
ranging now only from the extreme polar regions to lat. 64° N. in arctic America. 

On the other hand, there are two animals which might be considered to militate against 
this northern tendency. The one is a large Felis. It is, however, well known that a 
species of Tiger is common on the Lower Amoor, where the river is frozen for five 
months in the year. A Tiger also lives constantly in the severe climate of the district 
around the sea of Aral, where the shore-waters and rivers freeze every winter. In his 

survey of that district; Commander Butakopp$ remarks that “ Tigers roam constantly in 

# 

♦ Bichardsok, ‘ Fauna Boreali-Americana:’ Dbsmarest, in D’Orbiokt’s ‘ Dictionnair© d’Histoire Naturelle,’ 
4 ^rt. “ Renne Logan, ‘ Geological Survey of Canada for 1857,’ Appendix, pp. 227, 244. 

t Flint implements have been found in these gravels. 

t Journal of the Geographical Society, vol. xxiii. p. 06 (1852). 
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the vicinity of Aralsk, and particularly in the winter, notwithstanding the frost.” The 
January temperature of this part of Asia falls as low as between 14° and 10°Fahr. 

The other is the Hippopotamus. Remains of this latter creature are met with at 
St. Roch, but none are yet recorded from Menchecourt. It is found also in abundance 
at Bedford. In the various flint-implement-bearing localities it is confined to the low- 
level gravels. Should this prove to be the rule, which I am not prepared yet to assert, 
it will be one of some interest. The difificulty felt about the possibility of the Hippo- 
potamus living in a severe climate, arises from the habits of this creature leading it to 
pass so much of its time in the water. But if the possibility, so far as regards the supply 
of food and protection by special covering against the cold, of the other large pachy- 
derms living in such a climate be admitted, then why should not the Hippopotamus 
also have been fitted for a cold climate, provided it partook of the same special con- 
ditions. Like its congeners the Elephant and Rhinoceros, this Hippopotamus belongs 
to an extinct species, and it becomes a question whether, like them, it may not have 
been adapted to endure the rigours of a severer climate than the living species of these 
genera can now endure. 

Plants . — On this point our ground is almost barren. A few traces of decomposed 
wood, and one solitary small specimen, apparently of a branch of the common Chara^ from 
Menchecourt, are all we possess from the places under review. This plant is found in 
almost all the rivers of Europe, extending as far as the Volga in lat. 66° and 60° N. 

After examining the Fauna and Flora of the low-level gravels, we cannot but feel that 
the premises from which we have to draw our conclusions respecting the climate of th(‘ 
period are still limited. The physical features show an absence of those marketl 
indications of ice-action we detect in the high-level gravels, but point to the presence 
of ice in quantity sufficient to transport large boulders. The shells throw a little 
more light on the question, showing the continued prevalence of a northern group, into 
which, however, several southern forms have been introduced. The Mammalia continue, 
with few exceptions, to give evidence of the persistence of a rigorous climate. On the 
whole, although the climate may have been less severe than that of the previous period, 
it is probable that the winter temperature was not higher than some point between 16 
and 26°. The circumstance that the old valleys differ from the excavations made by 
existing rivers — which cut deep gorges rather than broad valleys with sloping sides — 
rather confirms the opinion that the winter cold and spring floods may have diminished 
from year to year throughout the period of the valley-gravels, the result having been to 
cause the channels made by these old rivers to be of gradually contracting dimensions ; 
hence possibly the difference in width between the top and the base of C (fig. 19, p. 298), 
and hence in part the sloping sides of the valleys. 

Loess, low-IiBvidl. — I have found in this deposit at Menchqpourt, besides the remains of Mammalia common 
to the underlying sands and gravel, — 

Arwn, ater. hispida. Pupa marginata. PmJittm amnicum. 

lAmax agratii. nemoralis. VUrina diaphana. ■fotUlnale, 

Clausilia (rugoaa ?). Helix arbmtorum, var. Zonitea radiatulm. Pupa, Helix, and Arion are abun- 

Suecinea eJegana. pulchella ■ Zualubrica. dant; Pisidium rare. 
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Loess, hioh-levbl.-— There is a portion of the horns of Cervus daphta in M. BotrcHEB de Perthes’ collection, 
from a bed of high-level clay near St. Biqnier ; exact level not known. Mammalian remains are reported fb 
have been found in a clay-pit on the plateau between Treport and Abbeville, but I have myself never found 
either sheila or bones in such positions. 

Note. — ^In the original paper read in March 1862, I had Introduced a discussion on the uses of the flint 
implements, treating them as fossils of this period. The subject, however, is too long and too hypothetical to enter 
upon here. I would merely remark that these rude implements may almost all be referred to flint-flakes for 
cutting and flaying, and to pointed weapons of offence and defence. There are ovoid forms to which it is difficult 
to assign a use. Some of the more spatula-shaped implements I suggested might have been used as ice-chisels : 
in arctic regions the inhabitants never travel in winter without some such instrument attached to a stick, for 
the purpose of obtaining water when required, or for making holes in the ice for fishing. 1 may also remark 
that in the high-level gravels the lance- or spear-headed instniments predominate, whilst in the lower-level 
gravels the simple flakes of various shapes are the commoner forms. 


§ 6. CLIMATAL CONDITIONS. EXCAVATION OF THE VALLEYS. 

I have shown, on the authority both of Continental and English geologists, as well as 
by the evidence brought forward by myself in this or in my former paper, — 

1. That certain beds of gravel, at various levels, follow the course of the present 
valleys, and have a direction of transport coincident with that of the present rivers. 

2. That these beds contain, in places, land and freshwater shells in a perfect and un< 
injured condition, and also the remains, sometimes entire, of land animals of various ages. 

3. That the extent and situation of some of these beds of gravel so much above the 
existing valleys and river-channels, combined with their organic remains, point to a 
former condition of things when such levels constituted the lowest ground over which 
the waters passed. 

4. That the size and quantity of the debris afford evidence of great transporting power ; 
whilst the presence of fine silt, with land shells, covering all the different gravel beds, 
and running up the combes and capping the summits of some of the adjacent hills to 
far above the level of the highest of these beds, points to floods of extraordinary 
magnitude. 

These conditions, taken as a whole, are compatible only with the action of rivers 
flowing in the direction of the present rivers, and in operation before the existing valleys 
were excavated through the higher plains, of power and volume far greater than the 
present rivers, and dependent upon climatal causes distinct from those now prevailing 
in these latitudes. The size, power, and width of the old rivers is clearly evinced by 
the breadth of their channel, and the coarseness and mass of their shingle beds ; whilst 
the volume and power of the periodical inundations are proved by the great height 
to which the flood-silt has been carried above the ordinary old river-levels — floods which 
swept down the land and marsh shelly, together with the remains of animals of the 
adjacent shores, and entombed them either in the coarser shingle of the main channel, 
or else in the finer sediment deposited by the subsiding waters in the more sheltered 
positions. As the main channel was deepened from year to year by the scouring action 
of the rivers, the older shingle banks were after a time left dry, except during floods. 
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when they became covered up with the flood-silt, which, extending also over the 
adjacent land and shores, was there deposited directly upon the rocky substratum. As 
the channel became deeper, and the tributary valleys partook of the same erosion, they, 
being out of the main river-current, tended especially to receive thick deposits of the 
flood-silt (Loess), while the higher grounds were left permanently dry. 

Rivers subject to periodical floods arc extremely variable in their course and direction, 
flowing first on one side and then on the other side of the valley, shifting the shoals and 
gravel banks, and distributing them in a very irregular manner. Consequently it is by 
no means necessary to suppose that a bed of gravel like that at Oakley and Abbots 
Thorpe extended across the valley of the Waveney, or that the gravel bed of St. Acheul 
extended the whole width of the valley of the Somme, but we may rather infer that 
local conditions led to the great accumulations of gravel at certain spots, especially on 
the sides, whilst others wouW be left more or less bare. The subsequent denudation 
may therefore have been comparatively slight, and the present outliers of high-level gravels 
may yet represent a not inconsiderable portion of the alluvium of the old rivers. That 
these rivers had at times a torrential character, is evident from the nature of their 
transporting power, as indicated by the prevalence and coarseness of the gravels, by the 
absence of mud-sediment, and by the rough- and irregular lines of bedding. But not 
only have we these exhibitions of the power of the old rivers ; it is further evident, 
from the presence in the terrace-gravels of largo blocks, often but little worn and 
transported from considerable distances, together with much sharp and angular smaller 
debris, that there was some other power in operation besides the ordinary transporting 
power of water, great though that be. For the blocks in the one case would have shown 
an amount of wear in proportion to the length of transport, and the smaller debris 
would have been separated from the larger ; whereas the blocks are always more or less 
angular, they arc scattered indiscriminately through the gravel, are often associated with 
the most delicate and fragile shells, and with bones of Mammalia but little or not at all 
worn. The only cause adequate to produce these results is, I conceive, the action of 
river-ice, whereby these blocks and a portion of the debris were carried do^vn and 
deposited along the river-channel, more especially in those parts where the currents 
may have been checked either by a widening of the river or by the influx of a tributary 
stream. The recent phenomena, with reference to the transport of blocks by ice on the 
St. Lawrence at its breaking up in the spiing, have been so well proved by Captain 
Bayfield* and Sir W. Logan f, and illustrated by Sir Cjiakles Lyell and other geolo- 
gists, that it is unnecessary to enlarge upon them here. I may, however, mention that 
more lately in sinking the caissons for the Victoria Bridge at Montreal, the bed of the 
river, through its width of about two miles, was found to be strewed witli large rock 
boulders. 

The remarkable contortions in the clay cliffs of Norfolk have been attributed by 

* Proc. Geol. Soc., vol. ii. p. 22.3 (18.36). 

t Ibid. vol. iii. p. 766, and Canadian Journal. 

2 R 
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Sir,CHABLEs Lyell to the grounding of icebergs on the soft sea-bed, and 1 am disposed 
to attribute to a somewhat like action, on a small scale, of the river-ice, the analogous 
structure exhibited in the St. Acheul and other high-level gravels (figs. 13, 14, 15, p. 269). 
Mr. A. Murray, in exploring the shores of the Mississagui river, noticed instances of 
similar recent effects of ice, “ where the coarse shingle was loosely piled up in great 
conical heaps. The accumulations were usually at a turn in the river where there was 
a strong current above. The ice, brought down with violence and impinging on the 
side at the turn, appeared to have ploughed up the shingle and pushed it forward on 
to the bank. One of the heaps was estimated to be 10 feet high at the apex, with a 
diameter at the base of 40 to 50 feet ; it rested on closer packed materials of the same 
kind, which also formed the bed and the margin of the stream in the neighbourhood ” *. 

These results agree with and confirm the indications furnished by the organic remains, 
viz. that at the period of the high-level gravels the winter cold, which so froze large rivers 
as to furnish ice-rafts capable of transporting innumerable boulders, many of 5 to 10 
tons weight or more, for great distances, was not less than that of Moscow or Quebec at 
the present day, and that it may have been even lower. It is generally admitted that 
previous to this time, in the pliocene or early post-pliocene period, the cold was still 
more severe. Then the greater part of England was under the sea, whereas Switzerland 
and the greater part of France had emerged from the sea at an earlier, or Miocene period, 
and there is no proof of their having been subsequently submerged. 

It was during this previous period of intense cold that the wonderful extension of 
the Alpine glaciers took place, and that many minor chains, such as the Jura and the 
Vosges, had also their glaciers. On the north of the Alps these old glaciers descended 
to within 1200 to 1000 feet of the present sea-level, whilst those now existing in Swit- 
zerland do not come lower than within 3400 feet of that level. M. Leblanc f has 
calculated that such a difference of level might be accounted for by a reduction in 
the mean annual temperature of 12^° Fahr. But although that might give the limits 
to which glaciers could descend in these latitudes under ordinary circumstances and 
like conditions, it by no means proves that a greatly lower temperature may not have 
accompanied and hastened their enormous growth ; nor, when we look at the length and 
extent of the valleys, of which the fall is but small, over which the old glaciers passed, can 
their progress along surfaces so slightly inclined be compared with that where the inclina- 
tion, as usually in their present beds, is steeper and the channel narrowerl];. I do not 
believe, therefore, that this estimate of M. Leblanc furnishes us with even an approxi- 
mation to the extreme cold of that glacial period. If, however, we were to assume that, 

* Geological Survey of Canada, for 1868, by Sir W. LooAif, p. 103. 

t Bull, do la Soc. Gdol. de Franco, vol. xii. p. 132 (1841). 

X Thus in the valley of the Aar, where the inclination of the surface is about 2^^, the glacier of the Aar does 
not come down lower than within 6000 feet of the sea-line ; whereas the glaciers Du Bois and des Bossons, with 
beds inclined at S'* to 10'^, descend to within 3500 feet of the sea. On the Italian side of the Alps the old 
glaciers descended lower and nearer to the sea-level than those on the Swiss side. 
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at a certain time towards the end of the glacial period, a temperature of 12 below that 
of the present day had supervened, the further extension of the glaciers may have been 
thereby checked ; and as the present mean annual temperature of the S.E. of England 
and N.W. of France may be taken at 50®, this would have made it equal to 37^® — the 
mean annual temperature of the two stations before named, Moscow and Quebec, being 
respectively 40®’02 and 41°*85 •, and that of Cumberland House (Northern America) 
being 30®. This mean annual temperature would agree with the conclusions at which 
we had arrived with respect to a mean winter temperature below 20® and above 5®, or 
possibly between 10® and 16®, having prevailed during our high-level gravel period. 

If there had been no amelioration in the climate at the period of the high-level 
gravels, the permanent ice and snow accumulated during the preceding long-continued 
and severe cold on the hills and mountain-chains of Europe would have remained with- 
out change, and the discharge of the rivers would only have been in proportion to the 
annual rainfall, whatever that was; and if that fall were not excessive, we should 
have no extraordinary agents in operation beyond the winter frosts and snow and the 
attendant spring floods. But if we suppose that (as must necessarily have happened at 
some time between the glacial period and the recent period), owing to a further improve- 
ment in the climate, the winter temperature became permanently and most probably 
gradually higher, then it would follow that during each recurring spring the rivers 
would have had their former ordinary discharge increased by the addition to the 
annual rainfall of a certain proportion of the snow and ice stored up during the 
former cold period. This quantity might have been equal to the accumulation of one, 
two, or more winters, according as the rate of elevation of the mean annual temperature 
was slow or rapid. In all valleys connected with mountain-chains the result of these 
climatal changes must have greatly increased the power of the annual floods — whence 
the greater excavation of the valleys connected with such regions. In our case, however, 
the extreme conditions do not generally apply, though I believe the foregoing general 
cause influenced the results. Most of the valleys we have to investigate are not 
connected with areas of old glaciers. The Waveney, Ouse, and Somme are not so 
connected. No traces of old glaciers are recorded even in the Ardennes, and those of 
the Mo^van have been contestedf, although I think without sufficient reason. Never- 
theless with the degree of cold we suppose to have existed at this subglacial time, the 
mere winter accumulation of ice and snow on the higher ranges of hills must have 
been large. The effects of the greater water-power observable in the valley of the Oise, 
and of the Seine more especially, may be due not only to the height of the ranges of 
hills in which they take their source, but also to the larger areas of drainage. 

Starting from the point that the high-level gravels of our district are of an age sub- 
sequent to the maximum period of cold, that they mark a period during which the 
winter temperature was gradually becoming less rigorous, and that the excavation of 

♦ The various mean temperatures are fium Dove’s valuable Tables, Reports of Brit. Assoc, for 1847. 

t Bull, do la Soc. G^l. 2nd series, vol. ii. p. 683 (1845). 

2 B 2 
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the valleys proceeded with greater energy in consequence of successive increments in 
the mean annual temperature of each succeeding year, let us consider what other 
effects might have resulted from the operation of these causes. 

The mean annual rainfall of the South-east of England and the North of France is 
24 inches. The chief fall is in autumn, and the greater portion of it is carried off as it 
falls ; and there is rarely any large accumulation of winter snow. This fall is so small 
that it requires but a moderate excess in the fall of any one period of the year to 
produce floods which cover the whole breadth of the present valley-channels. It 
was a fall of only 3| inches* in the twenty-four hours that caused the disastrous floods 
of Morayshire and Aberdeenshire in 1829. Amongst the other remarkable facts con- 
nected with that event. Sir T. Dick LAUDERf states that at Invercauld the small river 
Dec rose 14^ feet above the usual level, and spread 400 yards wide. A tributary stream 
cut away 6000 square yards of gravel, and spread the debris over thirty acres of land. 
Lower down, at Maryficdd, the Dee rose 25 feet above its ordinary level. At Park the 
rise was 1 3 feet, and the breadth of the inundation not less than half a milcijl. At 
Murtle the river changed its channel from one side of the valley to the other, and acres 
of land w(‘re covered with gravel brought down from tlie upper parts of the river. The 
Findhorn rose in one place 50 feet, and in another place cut “ a new channel for itself 
for at least a quarter of a mile”§. Although, owing to the diffl'rence in the geological 
nature of the ground, the effects of such an exceptional rainfall in the south of England 
would be less than in Morayshire, it would not require any extravagant addition to the 
small rainfall of the present day to increase both tlie permanent volume and the floods 
of our rivers to the extent even of producing inundations more of the character of those 
indicated (at page 276) by the position of the brick-earth, or of those of arctic regions. 
Such a result might have been formerly obtained, 1st, by a direct increase in the 
rainfall ; 2ndly, by the accumulation and rapid melting of the winter snow ; or by the 
two causes combined ; and 3rdly, by the fall of rain in tlie spring while the ground was 
in a frozen state || . 

The line of 35 inches rainfall now touchc's the north-western point of France, the 
western point of England, and the south-western part of Ireland. An advance inland 
of this line, arising from the greater precipitation d(;t(jrmined by the low temperature 
of the land surface, would result from a general winter covering of snow — the accom- 
paniment of a climate of the character we liave inferred. It may be objected that, 
judging from the fact of the decrease generally observed in the rainfall in proceeding 

* 8ir Dick Laudkk considers, however, that tho fall may have been greater amongst the hills at a distance 
of twenty to fifty miles, but we are without information on this point. Tho rain for tho month was 7*36 inches 
:it Huntley, and 8^ inches at Inverness. 

t An Account of the grout floods of August 18211, in the province of Moray, *kc., 2nd edit. p. 372. 

X Ibid. pp. 390, 391. § Ibid. pp. 33 and 104. 

II This is of rare occurrence in this country, but when it does happen it leads to disastrous floods. Mr. 
Evans infonns me that the only occasion on which the valley of tho Gadc is flooded is when rain falls after a 
evore winter before tho ground is thawed. 
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from the tropics to the Arctic zone (it being but 17 inches at St. Petersburg*, and 70 
inches at the tropics), we might expect the rainfall to have been less, rather than 
greater than at present, in the subglacial period. But in Cases, whatever the latitude, 
where we have cold surfaces presented to vapour-laden sea-winds, as in the mountainous 
districts of the north-west of Spain, in our own lake districts, and in Scandinavia, we 
find a very heavy rainfall, it being 82 inches at Bergen and 104 inches in Westmoreland. 
At Sitka also, in lat. 57° N., the rainfall is almost constant. 

But even if a greater rainfall be problematical, a greater concentration of it cannot 
be so considered : it would follow as a necessary consequence of the low winter tem- 
perature. Sir 11. Murchison f, speaking of the appearance of part of Russia in the 
spring time, makes the following apposite remark : “ 'i’he enormous volume of water, 
by which large portions of the surface are still covered at every annual melting of the 
snows, can scarcely be imagined except by those who have travelled (we may say sailed) 
over some of the central and south(;rn countries in the spring season, when to the eye 
of the geologist the lands seem to be emerging like isles and promontories on all sides 
from beneath the waters. It is then that each broad valh'y is, for six weeks or more, 
in a condition similar to that which we can imagine to have been the state of England, 
France, and other countries, when their streams, instead of occupying their present 
beds, were lake rivers or estuaries of great width, wher(‘in many of the old gravel and 
sand banks of geologists were accumulated, and in which the bones of extinct mammals 
are found. The height of the waters during this annual inundation can indeed b(j 
exactly read off wherever any great stream has rocky banks. In gorges we have 
occasionally noted the spring high-water mark as liaving been 40 feet above the dry 
summer level.” 

A very similar observation is made by Baron WranoeulJ, who says, “ the overflowing 
of many of the rivers on either sade of the Ural Chain impeded our journey, but made 
us amends by the variety which was thus given J;o the landscape — the valleys being all 
changed into lakes, and the rising grounds forming green islands.” This happens in a 
country where the rainfall is very small. It is still less in Siberia. Many cases in point 
are mentioned by the same author in speaking of the rivers of the latter country, 
and he remarks that the “ overflowings of the rivers take place more or less every 
year;” that “on the 22nd of May the ice, which had covered the river for 259 days, 
broke up. On the 26th the usual inundation followed, forcing us to take refuge with 
all our goods on the flat roofs of the houses, there to await the termination of the 
flood.” 

Travellers in the Arctic regions of America make the same remarks ; but I need not 
here multiply cases, as the fact is well known, and can be readily observed in most 

* Tho Scandinaviau range of mountains diminish the rainfall ov^(?r a considerable part of north-western 
Europe by freeing the warm and damp westerly winds of their moisture. 

t The Geology of Russia iu Europe and tho Ural Mountains: Londoii, p. ~> 7 ' 2 . 

J Narrative of an Expedition to the Polar Sea ; edited by General S-ibine : 2ud edit. pp. 5, 63, & 258. 
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mountain districts. What I wish to point out is the probability of the continuance of 
severe cold during the period when the high-level gravels were in course of formation, 
with, at the same time, a cdhcurrent gradual amelioration of the climate, accompanied 
possibly by a greater rainfall, and certainly by great spring floods. 

I have before shown how impossible it would be for the present rivers, even during 
their greatest floods, to attain a height at all approaching to the level of the high-level 
gravels ; but, taking the additional discharge resulting only from this melting of the snow, 
independently of any larger rainfall, the floods must formerly have been far greater 
than those of the same districts in the present day, and have given to the rivers for a 
portion of the year a torrential character. That the water-supply was adequate to fill 
at times the broad and shallow old channels is evident from the facts and is home out 
by calculation. The Waveney waters may, even now, when the valley is flooded, give a 
sectional area of, say 1400 square feet. To fill the channel of the old river, supposing 
it to be on the level and of the width of the high-level gravels, would have only 
required a volume of water of a sectional area not exceeding 7000 feet, or five times 
as large. So with the Ouse, the measure, with the valley flooded, may be 4000 feet 
for the present river, and 20,000 feet for the old postpliocene river ; for the Somme of 
to-day 3000 feet, and for the old river 16,000 feet; and for the Seine 8000 feet now, 
and 36,000 feet formerly. These are merely rough approximate estimates. They will 
serve, however, to show that to fill the old channels, before the excavation of the exist- 
ing valleys, to their entire breadth, would not have required more than, if so much as, 
four or five times as much water as now flows during floods ; but it must be remem- 
bered that the normal condition of these quaternary rivers would be like that of rivers 
of the present day that are subject to heavy periodical floods and have large and wide 
channels, small portions only of which are filled by the river during a great part of the 
year, — dry sand and shingle banks then occupying the larger portion of the area.* A 
supply in fact very little if any larger Jhan that drained off by the existing rivers might 
have occupied the comparatively dry channels during the dry season, whilst these old 
channels would be filled to overflowing during the melting of the snow in spring, inde- 
pendently* of any excess of rainfall, and be subject to periodical floods and inundations, 
such as now are of annual occurrence in Arctic countries, when the waters rise 40 to 
50 feet or more above their ordinary level*. 

Although I can conceive that, granting an indefinite length of time, the wearing 
power of torrential rivers might effect considerable erosions, we shall find that other 
causes have assisted to produce the immense valley-excavations we are now contem- 
plating. For, if the period is assumed to have been one of severe winter cold, we must 
follow out the consequences of that assumption, not only with regard to the floods 
following upon the winter snows, but in all its collateral bearings. 

The effect of the freezing of the rivers and the transport by ice of the boulders, 
gravel, and organic remains lying on the shores, has already been discussed. In addi- 
* The periodical rains of tropical countries produce a somewhat similar but smaller result. 
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tion, however, to the ice so formed, observatitw of late years have shown that a very 
considerable formation of ice takes place along the beds .of certain rivers, especially 
when thclfeie beds are stony and gravelly. In these climates we rarely have the opportunity 
of observing this phenomenon on a large scale, although, from a few facts noticed, it 
appears even here to be far more compion than has been supposed. 

That this agent is one of considerable power in producing changes of the character 
we are referring to, is evident from the facts recorded by Arago *, and the experiments 
made by M. LECLEBCQf at Lidge, and by Colonel Jackson in Russia. These observers 
show that most running streams give rise, under certain conditions, on the setting in of 
vidnter, to the formation of ground-ice. In the first place the whole body of water be- 
comes reduced, by intermixture caused by the flow of the river, to a uniform temperature 
of 32®. Any pointed surfaces in the bed of the river then determine, as is the case with 
a saturated saline solution, a sort of crystallization, needles of ice being formed, which 
gradually extend from point to point and envelope the substances with which they are 
in contact. By this means the whole surface of a gravelly river-bed may become coated 
with ice, which on a change of temperature, or of atmospheric pressure, or on acquiring 
certain dimensions, rises to the surface, bringing with it all the loose materials to 
which it adhered. 

According to M. Leclercq, whose observations were made in the winters of 1840 and 
1841, when the mean temperature of the end of December was 12® Fahr., ground-ice is 
formed in a current of 3*60 feet per second on the fifth day; and with a current of 9*52 
feet to 11*68 feet, on the ninth to the eleventh day. The greatest depth at which he 
observed the formation of ground-ice was not quite 4 feet, and the greatest thickness the 
ice attained was 2*63 feet. At one time he found the river-bed, for a length of a mile, 
covered with lumps of ice, “which became detached from time to time, in angular 
masses of a metre square, and carried away pebbles and stones, which after a time 
became detached and fell on the beds over which' they were carried.” The conclusions 
at which M. Leclercq arrived were — 

“ 1st That the ice is formed under water so much the more as the cold is the more 
intense and the sky is the clearer.” “ 2nd. That the ice under water gains in thickness 
so much the more as the current is less swift.” 

He also observed that a bed of fine clay and gravel gave rise to no ice, and that “ the 
bed best suited to produce it was one formed of pebbles of considerable size.” 

Colonel Jackson;); experimented on the Neva, which at St. Petersburg is about 1500 
feet broad and in places 60 feet deep, and moves with a velocity of about 2i miles per 
hour. It is frozen during five months in the winter, and the surface-ice attains a thick- 

• • “ But les glagons que les riviiros charrient en hirer,” Annuaire du Bureau des Longitudes potir 1833, p. 244. 

t ** Bur la formation de la glace dans les eauz courantes,” Mem. couronnes par I’Acad. do Bruxelles, t. xviii. 
1846. 

X ** On the Congelation of the Neva at Bt* Petersburg, and Temperature of its waters when covered by ice,” 
Journal of the Royal Ge<^B;raphical Bociety, pp. 2, 7 & 13, vol. v. 1835. 
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ness of feet. He found the temperature at top and bottom not to vary one-sixth of 
a degree*, and that a “flaky congelation” forms in immediate contact with the bed of 
the river and “ becomes gradually transformed into solid ice, which, if not thawed in 
the spring at the bottom itself, g4ts detached and rises to the surface.” In noticing a 
paper by Dr. Plott, he obser>'es “ that the flakes*of ice which rise from the bottom of 
the Angara (in Siberia) often bring up in like manner large stones.” 

In a subsequent memoir f Colonel Jackson translates some interesting observations 
made in Siberia by M. Weitz, superior officer of the Mining Corps. They are not so 
exact as the observations of M. Leclercq, but they are so important, as showing the 
effect of such an agent under more favourable conditions of temperature, that I give 
the greater part of the extract. M. Weitz remarks that “ the great transparency of these 
rivers (of the North of Siberia) enables us to see clearly what is at the bottom. At a 
depth of 14 feet and more one might see the ice formed at the bottom, whose greenish 

tinge gave it an appearance somewhat similar to that of patches of the confervoideee 

It frequently happens that these pieces in rising from the bottom bring up with them 

sand and stones, which are thus tmnsported by the current When the thaw sets 

in, the ice becoming rotten, lets fall the gravel and stones in places far distant from those 

whence they came So long as the congealed masses continue small with regard to 

the volume of the water immediately above them, they adhere as if rooted to the bottom ; 
but when by degi’ees they increase in bulk, the difference in their specific gravity 
* operates to overcome their adhesion to the bottom, and they rise, bringing with them, 
as we have said, such gravel and stones as we find attached to them, whence we may 
conclude that not only does the cun*ent occasion a change in the bed of the river by its 
erosion of the looser soil which it carries from one place to depose in another, but that 
the ice which forms at the bottom of rapid rivers in very cold countries, tends also to 
efiect a change in the beds of those rivers.” 

Colonel Jackson, it is true, thinks thatM. Weitz attributes too much influence to the 
bottom-ice in efiecting changes in the beds of the rivers ; but the Neva, where Colonel 
Jackson’s own observations were made, is a deep muddy-bedded river, offering precisely 
the least favourable conditions for the formation of ground-ice. 

The interesting narrative of Baron Wrangell contains amongst much important 
scientifle observation the following remarks : — “ In the Anini, as well as in all the more 
rapid and rocky streams of this district, the formation of ice takes place in two different 
manners : a thin crust spreads itself along the banks and over the smaUer bays where 
the current is least rapid ; but the greater part is formed in the bed of the river, in the 
hollows amongst the stones, where the weeds give it the appearance of .a greenish mud. 

* Colonel Jackson found that the water at the bottom of the river was generally a fraction of a degree 0 
above freezing-point when congelation commenced, an observation since confirmed by Mr. Adik in a recent 
communication to the Chemical Society (Proc. vol. xv. p. 90). 

t “On Ground-ice in the Siberian Eivers,” Joiimal of the Roy^ Geographical Society, p. 417-18, vol. vi. 
1836. 
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As soon as a piece of ice of this kind attains a certain size, it is detached from the 
ground and raised to the surface by the greater specific gravity of the water; these 
masses, containing a quantity of gravel and weeds, unite and consolidate, and in a few 
hours the river becomes passable in sledges instead of in boats” (p. 202). 

These, and similar observations made in northern America, establish the elRcacy of ice 
in transporting no inconsiderable quantity of shingle along the beds of rivers, and show 
that it tends both to shift the shoals and to deepen the channels. The conditions of the 
old postplioccne rivers were precisely such as to favour this formation of ground-ice ; for, 
without exception, the old alluviums are composed of coarse subangular shingle with 
but little sand, and very rarely with any subordinate seams of clay. 

These two agents, floods and ground-ice, would affect chiefly the river-channel. 
There is another agency which would co-operate in that direction, but would affect more 
especially the banks and shores of the river ; that is, the freezing of the ground and the 
rending of rocks by great cold. The power of this agent is well known ; I will there- 
fore confine myself to a few observations bearing upon our particular case. Crantz 
speaks of the talus of ddbris at the foot of the hills in Greenland as looking “ like a 
demolished city,” and says that some of “ the lesser hills or ledges of rock are still more 
subject to breaking, and many of them grow so rotten and brittle with age that they are 
pulverized by the air Sir John llicHABDSONf says that near Cape Krusenstem “ the 
whole surface is covered with thin pieces of limestone.” “ I should infer that the 
frost splits off the layers and breaks them up more effectively than any agent to 
which rocks are exposed in warmer climates.” The same thing occurs at Poi^jt Keats ; 
whilst of the limestone cliffs on Lake Winipeg he says, “ Under the action of frost 
the thin horizontal beds of this stone split up, crevices are formed perpendicularly, large 
blocks are detached, and the cliff is rapidly overthrown, soon becoming masked by its own 
ruins. In a season or two the slabs break into small fragments,” which go to form the 
beach. 

Dr. Sutherland J, in describing the effects of a still colder climate, with reference to 
the great talus generally found at the base of the cliffs in the Arctic regions says, 
“ Strong and bold as this coast may appear to be, and bidding defiance to assault in all 
directions, time, with its invisible agent, heat alternating with cold, assisted only by 
water, saps its foundations, and runs mines into its lofty citadels ; and the result of this 
action is an increasing heap of rubbish, upon which the same agents are still exerting 
their irresistible power, reducing to splinters and small fragments, and ultimately to a 
fine powder, liable to be washed or blown into the sea, what had been set free in masses 
of more than a ton weight.” 

In Siberia the same phenomenon is often alluded to by Baron Wrangell J. 

• History of Greenland, vol. i. p. 53: London, 1767. 

t Searching Expedition, vol. i. pp. 296, 281, & 66. 

t Journal of a Voyage in Baffin’s Bay ahd Bar^pw Straits, vol. i. p. 286 : London, 1862. 

§ Qp. ctL pp. 193, 374. 
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In our country the effect of frost on freshly exposed perpendicular surfaces of chalk, 
Bsmdstone, and oolites is very marked. The former especially disintegrates very rapidly. 
I have seen a low cliff of chalk 16 feet high form a talus at its foot, in the course of one 
ordinary winter, 6 feet broad by 6 feet high. The wetter the ground the greater, neces- 
sarily, are the effects of the frost ; so, as we assume in our hypothesis that the excavation 
of C (fig. 1,8, p. 298) was effected by the removal of successive layers commencing 

with the one at the base of D, each layer, when first uncovered, having been at or near 
the level occupied by the river, must have been at or near the line of general water-level 
or of springs, and therefore more largely and constantly charged with moisture than 
the same strata on higher ^ound, and such surfaces consequently presented conditions 
the most favourable for the operation of frost. 

Sir R. Murchison gives some very illustrative instances of what he appropriately terms 
recent “ fluvio-glacial action.” Amongst others, in speaking of the Dwina, about sixty- 
four miles above Archangel, where it flows over a white limestone in horizontal layers, 
he remarks, “ About 30 feet above the summer level of the stream, the terrace on the 
river-side is covered for two or three versts by a band of in’egularly piled loose and large 

angular blocks of the same limestone, arranged in a long uniform ledge In other 

words, these materials (all purely local) constitute a broken ridge of stones between the 

road and high-water mark When the Dwina is at its maximum height, the water, 

which then covers the edges of the thin beds of horizontal limestone, penetrates into 
its chinks, and when frozen and expanded, causes considerable disruptions of the rock, 
and the consequent entanglement of stony fragments in the ice. In the spring the 
fresh swollen stream inundates its banks (here very shelving), and upon occasions of 
remarkable floods so expands that in bursting it throws up its icy fragments 15 or 20 
feet above the highest level of the stream. The waters subsiding, these lateral ice-heaps 
melt away and leave upon the bank the rifted and angular blocks as evidence of the 
highest ice-mark Dr. Bigsby also gives a section in illustration of a like case on the 
banks of the Ottawa river f. 

Besides the ordinary eroding power of running water, we have had therefore three 
main causes in operation in those regions at the period under consideration: viz., 1. the 
taking-up of the shingle and boulders along the sides of the rivers by the shore-ice, 
and its transport^ thereby to points lower down the river ; 2. the action of the ice forming 
on the bottom of the rivers, and lifting, as it rose to the surface, shingle and boulders 
from the river-bed and carrying them also to a distance down the stream ; and 3. the 
rending and disintegration of the rocks by frost. The districts traversed by the rivers 
whose courses have been described are peculiarly favourable for the operation of these 
causes, being formed essentially of sands, chalk, soft sandstones, and fissile limestones ; 
not that the harder rocks do not yield to the influence of the same causes, but that 
the others are more readily and quickly affected. 

The combined operation of these causes is visible in many of the rivers of Russia at 

* 

* The Geologj of Russia, <&o., pp. 566, 567. t Quart. Joum. Geol. Soo. rol. Tii. p. 235. 
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the present day ; but it is proceeding on a grander and larger scale in the vast regions 
of Northern America, where the streams, flowing through extensive champaign countries, 
have furrowed the land with deep and precipitous channels, generally much below the 
level of the great plains they traverse * * * § . In Europe, however, the connexion of cause 
and effect is by no means so apparent. The regularity so common in the former case is 
generally wanting in the latter, where the weathering is more excessive. 

I doubt also whether, without a change in the general level of the land, the full 
effects of the changes we are contemplating could have been produced. The excavating 
power of the rivers would, in a measure, depend upon the adjustment to be made 
between the inclination of the valley along which they flowed and the seaplevel. 

The coasts of these opposite shores of England and France are fringed at places by a 
raised beach. Of this we have evidence at Sangatte near Calaisf , Brighton J, the Sussex 
coast §, and possibly at Havre ||. In all these places it is about 6 to 10 feet above the 
level of high water. With this beach I would correlate the estuarine bed connected 
with the low-level valley-gravels at Menchecourt. But besides this zone we have in each 
district the higher-level gravels fringing the river-estuaries, and sometimes the coast, at 
an elevation of from 40 to 100 feet above the raised beaches. These mark the relative 
difference of water-level at our two valley-gravel periods. It is immaterial to our inquiry 
whether that difference resulted solely from an elevation of the land or partly from the 
encroachment of the sea on the coast. Probably both have contributed to the result. 
A slow elevation of the land may have commenced at the. high-level jgravel period, 
leading to an increase in the velocity and erosive power of the rivers until |i state of 
repose again obtained in the low-level gravel period. During such a change of level the 
causes which we have above alluded to, acting upon the portions of the substrata suc- 
cessively subjected to the action of the maintained water- and ice-power, gradually 
effected the excavation of those deep and broad channels forming the valleys through 
which the present comparatively insignificant rivers of these districts now find their way. 
The sharper angles produced on the river-banks by the erosion of the stream have been 
rounded off and in great measure obliterated by the action of the severe cold combined 
with the periodical floods, — operations by which the exposed rock-surfaces were alter- 
nately disintegrated and denuded ; while at the same time the flood-waters in retreating 
from the higher platforms, before falling in with the main current, further grooved and 
furrowed the sides of the valleys, and, breaking the continuity of the river-terraces, helped 
to give our valley-sides their peculiar and varied outlines. 

The following diagram will serve to illustrate my meaning : — 

• The geological structure in both instances often greatly facilitates the operation, the country being con- 
stantly thickly covered by loose sands and gravels, offering little resistance to the erosive power of the rivers. 

t The author in Quart. Joum. Geol. Soc. vol. vii. p. 274. 

:t MAirmnL, * Fossils of the South Downs,* p. 277. 

§ Godwin-Austbk in Quart. Joum. Geol. Soc. vol. xiii. p. 61. 

II Psssr, Desc. Gdol. do la Seine Inferieure, p. 84. 

2s2 
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Fig. 18. 



M. Original level of the country at the time of the formation of the high-level gravel d' d'. 

M'. Preaent level of the country, with the remaining portions of the liigh-level gravel d d. 

M M'. Supposed extent of elevation between the two periods. The dotted lines mark portions of the substrata 
successively raised to the level and consecutively removed by the denuding action, the total amount 

of demidation being represented by C (or the space embraced between d and c*). c* to c* may represent 
any thickness of strata ; the rate of elevation from M to M' may have been continueus or interrupted or 
partial, and the extent of elevation variable in different districts. According to any variability in the rate of 
elevation, to intervals of repose, or to deflections in the flow and velocity of the river, so there may exist 
intermediate terraces or levels, sudden variations in the slopes, and gravels lodged on different levels. As 
these not unfrequently occur, they often add much to the Cvomplexity of the problem. 

§ 7. THE QUESTION OF TIME AND SUCCESSION. 

In looking back at the subjects we have discussed, we are forcibly reminded of our 
dependence on the value of probabilities. On various points geology has not at present, 
and probably never will have, any other means of inference. All that can be done to 
give weight to our argument is to multiply probabilities, and by attending to the general 
concordance tjo reduce to the minimum the chances of error. The difficulty of one 
branch of the inquiry is considerably increased by the circumstance that the recent 
researches of naturalists tend for the present to give less security to any argument 
founded upon analogy of past with recent life. The case of the adaptation of the large 
extjnct Pachyderms to a rigorous northern climate has long since deprived the remains 
of such genera of any weight with reference to the climatal conditions of past periods. 
It has now further become a question with some distinguished naturalists whether even 
the distribution of recent species is originally dependent on the influence of climate — 
whether the existence of certain kinds of food, the presence or absence of certain other 
animals, may not have been amongst the causes regulating the range of the animals. 
It is certain that the experience gained of late years of the facility of acclimatization 
indicates the necessity of caution. Nevertheless, in the absence at present of sufficient 
data with regard to this power of adaptation, we can only in the mean time rely on the 
evidence furnished by recent life so far as it regards species of known habits and range, 
provided especially it be supported by independent collateral proof. 

I will now proceed to make a few remarks on the question of time. We have to look 
at it both with reference to geological time, or the order of succession, which is merely 
relative, and to that which in the present instance more concerns this particular 
inquiry — the actual date of the existences and changes under consideration. With 
regard 4;o geological time, 1 have before shown that the period is subsequent to that of 
the Boulder Clay — consequently to that of the great extension of the European glaciers 
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— and that it may be brought down to the time when our valleys and plains began to 
receive their tranquil and inequality-levelling deposits of silt and peat, and the modem 
order of things commenced. 

To estimate the time to which we have to carry back the high-level gravels, we have 
*to consider what may have been the duration of their accumulation, and that of the 
subsequent excavation of the valleys with the resulting low-level gravels*. A difficulty 
here meets us at the onset. The accumulation of sand, gravel, and shingle along the 
course of rivers is so irregular (sometimes very rapid, at other times slow, what is done 
one year being undone another) that we are entirely without even the few data by which 
we arc approximately guided in ordinary sedimentary strata. The thickness of the 
deposits affords no criterion of the time required for their accumulation. They rarely 
exceed 20 feet, and are more frequently not above 10 to 12 feet thick. It is well known 
that recent inundations have covered valleys with sand and gravel to the depth in places 
of 4, 6, or even 10 feet in the course of a few days ; and therefore there are no high-level 
gravels which, so far as thickness is concerned, might not have been deposited in the 
course of a few weeks or even a few days. But the evidence of time lies in their length, 
breadth, and extent, — iq the life existences of the period, — and in the physical changes 
in progress, such, for example, as the subsequent valley-excavation, and the wide 
distribution of the resulting debris. There is also another phenomenon connected 
with this period which 1 would point out as containing some elements for an approxi- 
mate estimate of the duration of time. We have as yet no data to judge of the rate 
of progress of the operation ; but it is one which admits, to a certain extent, of time- 
measurement, and may hereafter, perhaps, be employed with some chance of success. 
At present it will merely serve to give us some idea of the time employed ; but that even 
is a step gained. I allude to those cylindrical perforations in calcareous strata filled by 
the sand and gravel beds overlying or formerly overlying them. These are of various 
dates, but a large proportion of them commenced, 1 believe, with the high-level 
gravel period, or with that of the gravel which immediately preceded it. 

These cylindrical and funnel-shaped holes, or gravel and sand pipes as they are 
termed, vary usually from 6 to 50 feet in depth and 1 to 10 feet in width, though they 
are sometimes much larger. I have seen traces of them in the chalk skirting the S.E. 
side of the hill of St. Acheul. Near Picquigny, on the road from Amiens to Abbeville, 
there is an escarpment of the chalk in which there are the remains *of several gravel 
(high-level) pipes from 10 to 20 feet in depth. Others are to be seen near Mareuil, and 
again near Yonval ; the gravel itself in most of these cases has been denuded from the 
surface, and remnants only preserved in these natural funnels. The outlier of high-level 
gravel on the hill above Mautort presents a section of one measuring 15 feet in diameter, 
but the depth is not shown. The most remarkable instance that has come under my 

* I am speaking now of the postplioeene valleys. Where the land, as in Auvergne, was earlier raised above 
the sea, we may have valley gravels going back to pliocene, or miocene periods, and continued in un^terrupted 
succession to the recent period. 
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notice is at Drucat, near Abbeville, and which I take to belong to the high-level gravel 
period. This outlying mass of sand and gravel is in a depression of the chalk, which 
probably accounts for its preservation ; at the bottom of the depression there was 
exposed on the occasion of my first visit a deep circular shaft in the underlying chalk 22 
feet in diameter at the top and 18 feet at the depth of 30 feet, to which extent the sancP 
and gravel had been cleared out. The prolongation of this great natural excavation in 
the chalk probably reaches a depth of at least 100 feet. A number of these sand pipes 
underlie this quaternary outlier, but I saw no others of the dimensions of this one. 

These pipes are not filled up indiscriminately, as if they had been formed first and 
subsequently filled up, but they show, as usual, a succession of concentric and conti- 
nuous vertical layers, following the encircling surface of chalk and enclosing a core 
distinct from the outer coats. Further, where the beds of sand and gravel are imdis- 
turbed and in their horizontal position, it is found that the core of the pipe always 
subtends from the uppermost bed or seam of gravel or sand, or not unfrequently from 
the superincumbent Loess, which proves that the superincumbent beds were deposited 
before the excavation of the pipes, and that they were lowered into them by the gradual 
removal of the chalk. These excavations have been referred tq various causes, of which 
I consider the action of carbonic acid held in water as the only one possible*. It is 
evident that to have an excavation of this sort we must have the slow and constant 
passage of water. If the line of water-level in the chalk had remained peimanently 
near the level of the high-level gravels, this prolonged downward action could not have 
occurred. The water-line, although at first necessarily on that level, must, as the exca- 
vation of the valley proceeded, have gradually been lowered 50 to 100 feet or more; so 
that the surface-water collected in these beds of sand and gravel, left standing above 
the base of the gradually deepening valleys, would, in draining off, have to pass down, 
along the lines of least resistance, through a successively increasing depth of chalk, 
before it met with the line of permanent water-level into which it would merge. The 
gradual and constant operation of this percolation of water through definite lines in the 
chalk, from the first emergence of the high-level gravels above the old river-bed and 
continued in the same channels down to the time of the lower valley-gravel, resulted in 
eroding these perpendicular shafts or funnels, into which, as the excavation proceeded, 
the overlying gravel and sand coordinately subsided, while the Loess of the periodical 
floods continuously tended to level the resulting inequalities of surface. The process 
must necessarily have been extremely slow. That these pipes are connected with a 
former state of things and not with the present, is shown by there being now no indi- 
cation of their presence on the surface of the ground f. 

* See a paper by Sir Chables Ltell in Phil. Mag. 3rd ser. vol. xv. p. 257, and another by the author in 
Quart. Joum. Geol. Soc. vol. xi. p. 64. 

t This in some cases may arise from the cultivation of the surface. In a few favourabl^localities a slight 
action of Ais sort would still, however, appear to be going on, if wo may judge from an occasional sinking or 
^ving way of the ground. 
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The next possible standard of measure is the time required for the excavation of the 
valleys themselves. I have already described the agents which probably cooperated in 
this gigantic operation. T|iat it must have been one of great time there can be no 
doubt ; but the like operations at present in progress by no means furnish us with the 
'gauge of the rate of the denuding action. In considering this point there is, besides 
the greater floods and severer cold, another element which must not be overlooked. 
This is the varying solvent power of spring- and river-waters. This there is reason to 
suppose may be greater in cold than in temperate climates, for Agassiz has shown 
that fallen snow holds excessive proportions of air in combination; so that, during 
inundations resulting from the melting of snow in spring, the flood-waters becoming 
loaded with soil and vegetable matter must necessarily have presented conditions 
favourable for generating carbonic acid in large quantities, with which the ice-cold 
waters would become highly charged. Thus the solution, both of the calcareous beds 
forming the river-channel and of the strata perforated by the gravel and sand pipes 
just alluded to, may have been accelerated much beyond any effects now observable in 
these districts from the present action of ordinary spring- and river-waters. 

An indication of timp-measurement, which has been often referred to in relation 
both to the lapse of time and its late date, is the formation or excavation of the 
British Channel between the South-east of England and the opposite coast of France. 
The grounds on which it has been inferred are, the identity of the strata on the two 
sides of the channel, and the community of the fauna and flora. This to a certain 
and great extent is true, and there can be no doubt that the severance of the two 
countries took place at a comparatively late geological period ; but that it was the last 
change of all I am not prepared to admit. In fact the question has been treated in its 
immediate application in a manner purely hypothetical. The geological evidence of the 
substrata has been constantly had in view, whilst that of the superficial postpliocene 
beds, which relate directly to the period under consideration, has not been attended to. 

Whether or not there may have been a break between the two countries at the high- 
level valley-gravel period I could not say with certainty. We have evidence of these 
beds occupying, on or near the coast-line, a level of from 50 to 100 feet above the sea 
on both sides of the channel. This may arise from the sea encroaching on the land 
and so intersecting, at varying distances from the old line of coast, the planes of the 
old river-channels — ^which, like the present river-beds, necessarily slope from certain 
heights inland to the sea-level, — or from an elevation of the land. The evidence, pro- 
bably, is in favour of the operation of both causes. The difference of height between 
the fossiliferous high-level gravels at Amiens and at Abbeville is 60 feet. This is in a 
distance of 28 miles. If we prolonged these beds at Abbeville, where they are 96 feet 
above the sea, on the same plane sea-ward, they would reach the level of the sea at a 
distance of 4^miles below Abbevi^e, or 29 miles beyond the present coast-line. The 
same measurements applied to the high-level g^ravels of our own coast give nearly similar 
results. If this be correct, a sea-channel, although very contracted, may then possibly 
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have existed between the two countries ; but as the raised beaches of later date prove 
an elevation of the land subsequent to the period of the high-level gravels, the old 
channel must have been larger in the proportion of the di^rence of level so produced 
to the difference which would have resulted from • the wear of the land alone. That 
the elevation of the Wealden area had taken place before tins period is proved by the 
occurrence of high-level gravels within its limits (see Map, Plate IV.), whilst the hydro- 
graphical conditions of the whole area show that those deposits hold the same relative 
position to the adjacent coast in one part as in another ; whence I should infer both 
a widening of the sea-channel, and a former somewhat greater extent of land. 

With reference to the condition of things at the time of the low-level gravels the 
evidence is more positive. We have old cliffs running neai’ly parallel with the present 
line of coast, and estuarine deposits in position nearly coincident with the like 
modern deposits. There are the old cliffs and raised beach at Brighton on the one side 
of the channel, and those at Sangatte, near Calais, on the other, while the deposits 
near Havre, Abbeville, and on the Stour, near Canterbury, furnish us with examples of 
estuarine beds of this late postpliocene age. On a coast so exposed to the action of the 
sea, and with cliffs constantly though slowly yielding to its incessant action, it is not to be 
expected that traces of old raised beaches should be preserved, except at a few sheltered 
spots. These we have at places so closely, allied to the present contour of coast — 
showing, too, old cliffs forming, like the present range of cliffs, bold escarpments to an 
old sea — that although I conceive the channel to have been considerably widened since 
then, I am satisfied that it existed at the time of the low-level gravels, whatever doubt 
there may be of its prior existence. There is no palaeontological objection to this view, 
inasmuch as the land and freshwater Mollusca had spread over this country at an anterior 
period; the greater bulk of them had in fact made their appearance in this country 
previous to the Bould(*r Clay, and many at the period of the Crag. A nearly similar 
observation applies, with few exceptions, to the Mammalia. With a climate, however, 
such as we have inferred, and with a channel of less breadth than the present one, the 
sea between the two lands might have been frozen every winter and have allowed of the 
passage of man and large animals, as happens at this day in latitude 52^ at the island 
of Saghaleen, where the strait between it and the adjacent mainland is frozen every 
winter for a period of some months*. 

Nor are we entirely without evidence, although very slight, derived from the land 
Mollusca, of the existence at this latter period of a barrier impassable to them. There 
are two species, the Pomatias ohscurm and Claudlia ^Iwatula^ Drap., living French 
shells, both of which I have found fossil at Menchecourt, but which are not known 
either living or fossil in England. . 

All these phenomena indicate long periods of time. I do not, however, feel that we 
are yet in a position to measure that time, or evei^ to make an approximate estimate 

• On the east coast of Saghaleen the seb freezes every winter as far as the eye can reach. Occasionally the 
Tiger crosses over to that island. — Eavewstein’s * Amur,' pp. 284 & 320. 
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respecting it. That we must greatly extend our preset chronology with respect to the 
first existence of man appears inevitable ; but that we should count by hundreds of 
thousands of years is, I amgsonvinced, in the present state of the inquiry, unsafe and 
premature. 

Nevertheless, just as, though ignorant of the precise height and size of a mountain- 
range seen in the distance, we need not wait for trigonometrical measurements to feel 
satisfied in our own minds of the magnitude of the distant peaks, so with this geological 
epoch, we see and know enough of it to feel how distant it is from our time, and yet 
we are not in a position at present to solve with accuracy the curious and interesting 
problem of its precise age. 

Before leaving this subject I would direct attention to one other condition Connected 
with this later division of the glacial period, which possibly may eventually afford an 
additional clue towards the solution of this important time-question. Here, again, we 
have not at present all the data we require, but we have enough to show the possibility 
of obtaining from this source some elements for more exact calculations. 

In conducting experiments upon the temperature of the crust of the earth, it is well 
known that, after passing the limits of the line of mean annual temperature, there is a 
gradual increase of 1° Fahr. for every 60 feet, nearly, of additional depth. But the rule 
is by no means constant, the rate of increase being subject to fluctuations and variations 
for which no sufiicient reason has been assigned. Is it not possible that these dis- 
turbances may arise from differences between the former (glacial) and the present (tem- 
perate) temperature of the place, combined with the variable conductivity of the strata ? 
Let us, for example, take a place like Yakutsk in Siberia, where the ground is per- 
petutdly frozen to a depth of 382 feet — the depth, therefore, at that place of the line 
of 32®. To reach a heat of 63°, the invariable constant under the Observatory of Paris 
at a depth of 90 feet, we should have to sink at Yakutsk (taking, as a mean, an increase 
of 1° for every 60 feet) to a depth of 382+(21x60), or 1642 feet, before reaching the 
same isothermal plane. If, from any circumstances connected with geological changes, 
we could ’suppose the mean temperature of Yakutsk to be raised to that of this part of 
Europe, the isothermal plane of 63° would tend to take a vertical range upwards of 
1642—90=1662 feet. In a perfectly homogeneous mass, and all conditions equal, this 
plane would travel at all parts in equal times, or would move in lines parallel with the 
original position it held ; but as such uniformity over large areas never obtains, and the 
strata which it would have to pass through must differ materially in conductivity of 
heat, it follows that the isothermal planes would, in different places, travel with different 
velocities, and, until adjusted by lapse of time, aberrations in the increment of heat at 
different depths must exist. I apprehend that a very long period of time would also 
elapse before an equilibrium in accordance with the changed mean temperature of the 
place could be established in each successive zone of depth. 

Now if we apply this hypothetical case to these parts of Europe, the question I would 
suggest is if it might not be possible to determine, by calculations founded upon suA- 
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dent data, whether any of the p^urbations in the increment of heat at different places 
and depths within this area may not be dne to the circumstance of a very much lower 
temperature having prevailed here at an antecedent perioil* ; and whether, if so, the 
date of that period (taking that of the extreme glacial cold) could not be fixed within 
a certain limit, by the application to this investigation of the known laws regulating 
the transmission of heat through solid bodies. 

The uninterrupted succession of life from this postpliocene period to our own time 
cannot fail to have been noticed in the course of this inquiry — a succession so large and 
so important, that it is not possible to contemplate the occurrence of any intervening 
catastrophe of such a nature as to destroy the life of the period, and seek for an expla- 
nation of its return by immigration from adjoining districts. Apparent even as the 
connexion is in the limited ground we have studied, it is infinitely stronger when the 
whole series of pliocene and postpliocene deposits comes under review. Even in the 
aspect here presented the conclusion is inevitable, that no general cause has led to the 
extinction of life over this part of Europe at any recent geological period. There have 
been great river-floods and great changes, but no interruption in the succession of life 
from the time of the great extinct mammals to our own times. There are still serious 
difficulties in the way of explaining the cause of the disappearance of so many of these 
large Mammalia ; but a sufficient number remain to attest the direct descent of a portion 
of the old fauna to our day. The Reindeer, the Bos primigenius^ the Aurochs, are 
amongst those which survived all the successive changes f. Why the larger Pachyderms 
should not also have survived we cannot explain, we can only admit the fact, which is 
the more remarkable from the non-extinction of other classes. The change of climatal 
conditions could scarcely have been the sole cause, as that would affect one class equally 
with the other ; and besides, as the climate at this time presented no extreme character, 
they could, as the changes progressed, have found, by migration or limitation, as with 
the other animals, places still adapted to their former condition. But by far the most 
remarkable and convincing feature in the case is the transmission from the quaternary 
period of so large a proportion of the small and delicate land and freshwater shells. Not 
only are they found inhabiting the same land as formerly, but their distribution follows 
very much the same law. More than two-thirds of our recent species are found in a 
fossil state ; and when we consider that the list of living species is the result of close 
examination of numerous observers for a series of years over a large extent of country, 
whereas that of the fossils is the result of a necessarily limited search at very few 
places, where they are buried in the ground and rendered fragile by age, it is rather 
a matter of surprise that the collection should be already so large. Many of these 
mollusks will no doubt live for a time out of their element, ^and they might survive 

* I apprehend that Home of the calculations that have been n\pdo on the earth's temperature and refrigeration 
may also be affected by this disturbing cause. 

On this subject M. Pictet of Geneva has made some interesting observations in a paper published in the 
* A.rchives dee Sciences de la Biblioth^que Univeraelle' for August 1860. 
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floods and inundations which would destroy their la(ge contemporaries, but there is 
a limit to this power. Some land moUusks are not destroyed by immersion in water for 
days, and freshwater molluscs will revive after imviersion in salt water ; but this applies 
to some species only, and with these, even, their mode of protection, although it might 
suffice for days, would not avail for a lengthened period. 

Although I may be quitting the strict limits of induction, I cannot conclude this 
paper without mentioning one impression which a review of the circumstances connected 
with the subject has made upon my mind. There is no doubt that great vicissitudes in 
the climate of any particular region may be caused by fluctuations in the isothermal 
lines resulting from changes in the relative distribution of land and water. But these 
fluctuations have a limit, which limit seems to me to have been greatly exceeded during 
the height of the glacial period. Looking at the special nature of such a remarkable 
reduction of temperature, closing as it were a vast cycle of anterior geological changes, 
and seeing its exceptional nature with reference to the general indications of higher 
temperatures which previously prevailed, I confess I feel deeply and strongly impressed 
with the probability that in this unexpected succession of changes we may traco evi- 
dence of great and all-wise design. If the cause were general (and there are strong 
reasons to believe that such was the case), the fact of the earth having been subjected 
to the severe and rigorous temperature of the glacial period must have led to a more 
rapid abstraction of heat from the surface than would have occurred without the inter- 
vention of a cold period, establishing, as it were in anticipation, a state of equilibrium 
which might otherwise have been indefinitely deferred had the refrigeration been gra- 
dual and uninterrupted; for on the removal or cessation of the refrigerating cause, 
the surface would be left in a condition to sufier for a certain period little or no further 
loss by radiation and no further contraction. The state of repose thus effected may 
have helped to impart to the earth’s crust that stability and immobility which rend(*r 
it fit and suitable for the habitation of civilized man. 
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Appendix. — List of the Testaceous Mollusca now living in the South of England and 
North of France, showing those which are found fossil in the High- and Low-level 
Valley-gravels, and their range to certain points northwards and southwards in Europe. 



Species living in Uie South of Eng- 
land (excepting those marked in 
italics, whicn are found in France but 
not in England). This list (of 110 
BpecieB)enmraoe8 nearly all the fresh- 
water species and the greater part of 
the lana shells of the North of Franco. 


Freshwater Bivalves. 

Anodonta anatina, TAiin 

cygnea, Linn 

Cy clas {SpJiceH um) comcnj/nin. 

lacustria, Miill 

ovalis, Fer 

rivicola, Leach 

Pisidium amiiicum, Midi 

fontinale^ Drap 

nitidum, Jen 

— ^ pusillum, Gmel i 

roseum, Scholiz 

Unio littoralis 

margaritifer, Linn. . . . , 

pictorum, Linn 

tumidus, Phil 

Freshwater Univalves. 
Ancylus lacuatris, Linn. . . . 

fluviatilis, Miill 

Bythinia Ix?achii, Shep 

tentaculata, Linn. . . . , 

Hydrohia marginataj Mich. . 
Limnasa auricularia, Lhui, . , 

glabra, Midi 

glutinosa, Mull 

palustris, Drap 

poregra, Miill 

stagnalis, Linn 

truncatula, Mull 

Noritina fluviatilis, Linn 

Paludina con tecta, Miill 

vivipara, Linn 

Planorbis albus, Miill 

carinatus. Mull 

complanatus, Linn 

oontortus, Linn 

comeus, Linn 

glaber, Jeffr 

lineatus, Walk 

Nautileus, Linn 

nitidus, Miill 

spirorbis, Linn 

vortex, Lirm 

Physa fontinalis, Linn 

hypnomm, Linn 

Valvata cristata, Miill 

pisoinalis, Miill. 

Land Shells. 

Achatina acicula, Mill. .... 

Acme linpata, Drap. 

Azeoa (CocJ^?{cc^a)tridens,PaZf. 

Balea perversa, Linn 

Bulimus aeutus, Miill. 

montanus, Dr^ 

obsourus, Mvll. I 


Species o<?curring in the Valley-gravels. 


England. 


France. 


High-level ? Low-level. Low-level. High-level. 


Bedford, 
Bid den ham. 


Bedford, 


Abbeville, 


\Hnrr(mden Menchecourt. 


Amiens, 
Sf. Acheul. 


Species living in Finland and 
I^mbardy (the Alpine dis- 
tricts except^). In the for- 
mer country there are 77 spe- 
cies of Testaceous Mollusca, 
and in the latter 193 species. 


Finland. Lombardy. 
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Appendix (continued). 


Species living in the South of Eng- 
land (excepting those marked in 
italics, which are found in France but 
not in England). This list (of 110 
species) embraces nearly all the f^sh- 
water species and the greater part of 
the land shells of the North of France. 


j Species occurring in the Valley-gravels. 

England. 

France. 

High-lerel ? 

Low-level. 

Low-level. 

High-level. 

Bedford, 

Biddenhanu 

Bedford. 
Harrowden Ac. 

Abbeville, 

Menchecourt. 

Amiens. 

St. Acheul. 


Species living in Finland and 
I^mbardy (the Alpine dis- 
tricts excepted). In the for- 
mer country there are 77 Spe- 
cies of Testaceous Mollusca, 
and in the latter 193 species. 

Finland. Lombardy. 


Land Shells (continued). 
Carychium minimum, MvJL . . 
dausilia biplicata, MonU .... 

laminata, Mont 

plicaiiday Drap 

Rolphii, Gray 

rugosa, Draj) 

Cyclostoma elegans, MiiU 

Helix aculeata, MuU. 

apicina^ 

arbustorum, Linn 

aspersa, Mvll 

Cantiana, Mont 

caperata, Mont 

Carthusiana, Mull. . . . 

concinna, Jeffr 

ericetonim. Mull 

fruticarn^ Miill 

fulva, Mull 

fusca, Mont 

— hispida, Linn 

— lapicida, Linn 

nemoralis, Linn 

obvoluta, Mull 

pomatia, lAnn 

pulchella, Mull 

pygmaea, Drap 

revelata, Mich 

rotundata, Mull 

rufescens. Pennant 

rupostris, Stud 

sericea, Mull 

virgata. Da Costa 

Pomatias obscurus 

Pupa marginata, Drap 

ringens, Jeffr 

sccale, Drap 

umbilicata, Drap 

Succinoa elogans, Ris 

oblonga, Drap 

— putris, Linn 

Vertigo angustior, Jeffr 

antivertigo, Drap. . . 

edentula, Drap 

mimitisBima, Hartm. . . 

pusilla. Mull 

pygmsea, Drap 

— substriata, Jeffr 

Vitrina pellucida, MuU 

diapfMna, Drap 

Zonites alliarius, MuU 

cellarius, Mull 

orystallinus^ MuU 

excavatus, Bean 

nitidulus, Drap 

nitidus, Miill. 

purus. Aid 

radiataluB, Aid 

Zua lubrioa, Mull 
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Explanation of the Plates. 

PLATE IV. 

The uncoloured ground-plan shows the chief geological divisions of the country. 
The coloured lines indicate the course of the debris derived from the several principal 
formations. The lines are carried through from the parent rocks to the sea; but 
it is to be observed that the debris of each of these lines becomes less and less abun- 
dant as they recede from their source, so that all traces of some of them sometimes 
nearly disappear before the end of the river-valley is reached. In places, also, the gravels 
formed by these debris meet with long interruptions, those on the higher levels especially; 
the lower-level gravels are more continuous, though they are constantly hidden by recent 
alluvia. They also vary materially in width. These more minute details are repre- 
sented for small portions of two river-valleys in Plate V. The scale of the Map 
does not admit of the delineation of the lines of debris of each valley. The chief river- 
valleys and their principal tributaries are therefore selected, but the same law of 
the occurrence of high- and low-level gravels, and of the local limitation of the various 
rock debris to the several river-basins, is applicable to all the river-valleys in the area 
comprised in the Map. The authorities for France arc the several authors mentioned 
in the text, with a few observations of my own. The English part of the Map is given 
from my own personal observations. The commencement of some lines of debris is 
not unfrequently higher up the valleys than marked on the Map, or from rocks beyond 
the present range of the river. This arises from the presence of outliers of certain 
formations more or less beyond the limits of the main mass, which outliers are not 
represented on the Map : in other cases the debris are derived from secondary sources, 
like the palaeozoic, oolitic, and cretaceous debris of the Boulder Clay ; and in a few 
cases, especially in the Wealden area, they arise from the originally greater length of 
the rivers. 

PLATE V. 

Figs. 1 & 2 show the distribution of the high- and low-level valley-gravels, and of the 
Loess in parts of the valley of the Somme adjacent to Abbeville and Amiens. 
The relative position of the high-level gravels and of the plateau Loess 
is not always quite clear. In many cases I consider the latter to be newer 
than some of the former ; but, at the same time, the|;e is a quaternary argil- 
laceous deposit on parts of the chalk hills which I believe to be older than 
any of the valley-gravels. This is generally more removed from the river- 
valleys than shown in these plans. 

The valley-gravels are here divided into two stages only. Each stage, 
however, must be considered to represent not one exact level, but the several 
nearly allied terraces formed during a particular time. It may be assumed, 
for example, that the high-level gravels include all the terraces at heights 



CONTAININa FLINT IMPLEMENTS, AND ON THE LOESS. 


309 


of from 90 to 160 feet above the river, and the low-level gravels those up 
to 30 or 40 feet above the river. In fact, no definite line can properly be 
drawn, as all the terraces are members of one series: nevertheless it is not 
only for the sake of convenience that this division is adopted; it is to a 
great extent conformable to the phenomena as they exist ; for the great bulk 
of these quaternary gravels occur, one portion on terraces at or near 100 
feet above the Somme, and another portion at or near 30 feet. The gravels 
on both levels, especially the lower one, are often covered by liOess — the low- 
level gravel being constantly buried under it and hidden, whilst both Loess 
and gravel disappear under the recent alluvium. The heights are taken in 
part from the French Ordnance Maps ; the others are from observations 1 
have taken with the aneroid barometer. The general topographical outlines 
of the districts are also taken from the French Ordnance Maps. 

Fig. 3 shows the valley-gravels along part of the valley of the Waveney. The scale is 
that of the Ordnance Map, from which the topographical outlines are taken. 
The same observations apply to these gravels as to those of the Somme ; only 
the series is more limited, and the heights to which they rise is not so great ; 
50 feet is about the extreme height. The Loess is here in so rudimentary a 
state that I have not laid it down. The heights at Hoxne are from the 
levellings given in my former paper, or are taken with an aneroid. 

Not to interfere with the details, the roads, and all except a few chief places, are 
omitted, but it is easy to find any particular spot by transfer to the French and Englisli 
Ordnance Maps, on the scales of which these plans are made. 

The dotted lines across the valleys refer to the lines of section given in woodcuts 
pp. 253, 258, and 259. 

• 

Note , — There is some obscurity in the shading, arising from a mistake of the artist in taking my rough MS. 
sketch instead of the Ordnance Maps which accompanied it for his guide in these topographical details. 1 
must refer to the Ordnance Maps therefore for the more correct delineations of the surface. Some errors of 
geographical detail have from the same cause crept into the Map. 
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VIII. Experiments to determine the effect of Impact^ Vitratory Action^ and long- 
continued Changes of Load on Wrought-Iron Girders. 

By W. Fairbairn, LL.B.y F.B.S. 

Received January 20, — Read February 4, 1864. 


A QUESTION of great importance to science and the security of life and property has 
been left in abeyance for a number of years, — namely, to determine by direct experi- 
ment to what extent vibratory action, accompanied by alternate severe strains, affects 
the cohesive force of bodies. It is immaterial whether the body be crystalline, 
homogeneous, or elongated into fibre, such as cast or wrought iron ; the question to be 
solved is, how long will a body of this description sustain a series of strains produced 
by impact (or the repeated application of a given force) before it breaks 1 In the case 
of bridges and girders, this is a subject on which no reliable information has yet been 
given which may be considered as a safe measure of strength for the guidance of the 
Architect and engineer. It is true that regulations have been established by the Lords 
Commissioners for Trade ; but they appear to have had their origin on limited data, 
and in cases where the material and workmanship are good they may be relied upon 
as sufilcient fon the public safety. What, however, is wanted is experimental data to 
enable the engineer to comply satisfactorily with the conditions of the Board of Trade, 
and cordially to unite with the Government in affording ample security to constructions 
in cases where the lives of the public are at stake. 

To remove all doubts on this question, I have been enabled, through the liberality 
and at the request of the Board of Trade, to undertake a series of experiments to deter- 
mine, or to endeavour to ascertain, whether a continuous change of load, and the 
strains produced by those changes, have any effect (and to what extent) upon the ulti- 
mate strength of the structure, — or, in other words, to ascertain the rate of endurance 
the material is able to sustain under these trials. 

To comply with this request, a wrought-iron beam was constructed, representing the 
girders of a bridge of questionable strength, to be employed to determine, experi- 
^ mentally, the strength and durability of such a structure. This beam was made of the 
ordinary construction, of moderately good, but not the best quality of iron, and sub- 
jected to vibration and a perpetual change of load until the cohesive powers of the 
material were destroyed. 

Of the resisting-powers of material under the severe treatment of a continuous change 
of strain, such as that which the axles of carriages and locomotive engines undergo 
when rolling over iron-jointed rails and rough roads, we are very imperfectly informed. 

MDCCCLXIV. 2 u 



312 DB. FAIBBAIEN ON THE EFFECT OF IMPACT, VIBEATOET ACTION, 

Few ^ts are and very few experiments have been made bearing directly on the 

solution of this ques^on. It has been assumed, probably not without reason, that wrought 
iron of the best and toughest quality assumes a crystalline structure when subjected to 
long and continuous vibration — ^that its cohesive powers are much deteriorated, and it 
becomes brittle, and liable to break with a force considerably- less than that to which 
it had been previously subjected. This is not improbable ; but we are apparently yet 
ignorant of the causes of this change, and the precise conditions under which it occura 

In the year 1837 I instituted a long series of experiments to determine an important 
quality in the strength of materials, viz. the powers of crystalline bodies to sustain 
pressure for an indefinite period of time, and to ascertain whether cast iron, when sub- 
jected by a given weight to long-continued transverse strain, would or would not be 
subject to fracture. 

It appears that former writers on the transverse strength of materials had come to 
the conclusion that the bearing-powers of cast iron were confined within the limits of 
that force which would produce a permanent set, and that it would be unsafe to load 
this material with more than one-third of the weight necessary to break it. This 
assumption is incorrect, as in the experiments to which we refer some of the bars, six 
in number, were loaded within one-tenth of the weight that would break them. 

From these experiments it was ascertained that cast iron, when sound, is more to be 
depended upon, and exhibits greater tenacity in resisting long-continued heavy strains, 
than is generally admitted, and its bearing-powers have deserved a much higher repu- 
tation than has at any former period been given to them. This is even more apparent 
with wrought iron, as it is safer, being more tenacious and ductile, and less liable to 
flaws and imperfections, which, too, should they exist, are much more easily detected 
than in cast iron. 

The experiments, as respects the eflects of time, on loaded cast-iron bars 1 inch 
square and 4 feet 6 inches between the supports, were exceedingly curious and interest- 
ing. They embraced a period of seven years, from 1837 to 1844, when they were 
discontinued, — the heaviest-loaded bars continuing to sustain their load without any 
apparent increase in the deflection. The deflections were taken monthly and carefully 
recorded, and the following Table exhibits the changes that took place in both the hot- 
and cold-blast iron bars from June 1838 to June 1842. It, is satisfactory to observe 
that during the whole time of the experiments the bars, whether loaded with the 
lighter or heavier weights, exhibited little or no change beyond what may be traced to 
the variations of temperature. One of the bars was, however, found broken, but, 
whether from accident or the eflects of continued strain I am unable to determine. I 
am inclined to believe that the former was the case, as the corresponding bars retained 
their position, indicating changes so exceedingly small as to be scarcely perceptible, 
even when examined by the microscope and our best instruments. 
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Deflections produced with permanent weights on hot- and cold-bla$t cast-iron bars 

4 feet 6 inches between the supports. 


Cold-blast, 
Weight ia 

Deflection, 

in 

inchea. 

Date of observation. 

Temperature, 

f^ahr. 

Hot-blast, 
Weight in 
lbs. 

Deflection, 

in 

inches. 

336 

1*316 

June 23rd, 1838. 

78® 

336 


336 

1*308 

April 19th, 1842. 

68® , 

336 

■H 

392 

1*824 

June 23rd, 1838. 

78® 

392 

1*803 

392 

1*828 

April 19th, 1842. 

68® 

392 

1*812 

448 

1*457 

Juno 23rd, 1838. 

78® 

448 


448 

1*449 

April 19th, 1842. 

68® 

448 



From the above it will be seen that there is no increase in the deflection of the cold- 
blast bar with the 336 lb. load, but a slight increase of *082 of an inch in the hot- 
blast. With the 392 lbs. there is a slight and progressive increase in both bars, and in 
those with a load of 448 lbs. there is no change but what is due to the difference of 
20® of temperature between the month of June and that of April. As respects the 
load of 448 lbs., it is proper here to observe that the hot-blast bars broke at once with 
that weight, and one of the cold-blast bars also broke after sustaining the load 37 days, 
but whether by accident or from vibration is not determined. It is, however, evident 
from the breaking of the hot-blast bars, and one of the cold-blast, that the load of 
448 lbs. approximated very close on the point of fracture, and that the slightest vibra- 
tion of the floor would break the bar. 

Viewing the subject in this light, it would appear from these experiments that time 
is an element which in a greater or less degree affects the security of materials when 
subjected to long-continued pressure. It may at first sight appear that the cohesive 
powers and the resistance may be so nicely balanced as to neutralize 6ach other, and in 
this state would continue to sustain the load in that condition ad provided 

there be no disturbing force to produce derangement of the parts, and thus destroy the 
equilibrium of the opposing forces. This cannot, however, be expected, and I think we 
may reasonably, under ordinary conditions of disturbance, conclude that long-continued 
strain will tend to lessen the cohesive force which unites the particles of matter 
together, and ultimately destroy that power of resistance so strongly exemplified in the 
above experiments. (Vide Deport, Transactions of the British Association for 1842.) 

As the object of this inquiry is to ascertain the limit of safety in structures, such as 
.railway bridges, subjected to vibration and impact from a rolling load, it may be 
necessary, for the purpose of illustration, to refer to experiments made by the Com- 
mission appointed in 1848 to inquire into the application of iron to railway structures. 
In these inquiries the late Professor Hodokinson and Professor Willis entered elabo- 
rately into the experihiental as well as the mathematical investigation; but the 
experiments which bear more directly upon the present inquiry are those of Captain 
Hbnby (now Sir Henby) Jambs and Captain Galton, for determining the effects pro- 

2 n2 
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duced by passing iroights over bars with different velocities, and subjecting others to 
reiterated strain corresponding to loads equal to some fractional part of the breaking- 
weight. The latter experiments were made with cams, caused to revolve by steam 
machinery, which depressed the bars and allowed them to resume their natural 
position for a large number of times. Two cams were used ; one communicated a highly 
vibratory motion to the bar during the deflection, and the other greatly depressed the 
bar subjected to it, and released it suddenly when the ultimate deflection due to the 
load had been obtained, the rate of deflections being from four to seven per minute. 
Three bars, subjected by the first-mentioned cam to a deflection equal to what would 
have been produced by one-third of the statical breaking-weight obtained from similar 
bars, received 10,000 successive depressions, and when afterwards broken by statical 
pressure, bore as much as similar bars subjected to dead weight only. Of two bars sub- 
jected to a deflection equal to what would have been caused by half the statical breaking- 
weight, one broke with 28,602 depressions, the other withstood 30,000, and did not 
appear weakened to resist statical pressure. 

Of the bars subjected to the second cam, three bore 10,000 depressions, each giving 
it a deflection equal to what would be produced by one-third of the statical breaking- 
weight, without having their strength to resist statical pressure apparently at all 
impaired ; one broke with 61,538 such depressions, and one bore 100,000 without any 
apparent diminution of strength ; whilst three bars, subjected by the same cam to a 
deflection equal to what would be produced by half the statical breaking-weight, broke 
with 490, 617 and 900 depressions respectively. It must therefore be concluded that 
iron bars will scarcely bear the reiterated application of one-third their breaking-weight 
without injuiy. 

A bar of wrought iron 2 inches square in section and 9 feet long between the sup- 
ports, was subjected to 100,000 depressions, by means of the first-mentioned or rough 
cam, each depression producing a strain corresponding to about |th8 of the strain that 
permanently injured a similar bar. These depressions only produced a permanent set 
of *016 inch. 

Three wrought-iron bars weVe subjected to 10,000 depressions each from the step- 
cam, depressing them through J inch, f inch, and J inch respectively, without pro- 
ducing any perceptible permanent set. A bar depressed through 1 inch obtained 
a set of *06 inch, and one depressed 300 times through 2 inches acquired a set of 
1*08 inch. The largest deflection which did not produce any permanent set appears, 
by an experiment on a similar bar, to be that due to rather more than half the statical 
weight which permanently injured it. 

A small box girder of boiler-plate riveted, 6 in. by 6 in. in section and 9 ft. long, 
was also subjected to depressions by means of the rough cam, principally with the view 
of ascertaining whether any effect would be produced on the rivets by the repeated 
strain; but a strain corresponding to 3762 lbs. repeated 43,370 times did not produce 
any appreciable effect. 
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From the experiments made by the Commissioners it may be inferred — 

1st. That cast-iron bars or girders are not safe when subjected to a series of deflec- 
tions due to one-half the load that would break them. 

2nd. That they are perfectly secure in sustaining a dead weight not exceeding one- 
third of the weight that would break them ; and 

3rd. That these reiterated deflections appear to have no injurious effect upon the 
metal from which the bars were cast. 

As respects wrought iron, it appeared from the experiments that a progressive increase 
in the deflections and permanent set was observable during every depression produced 
by the same cam as that employed on the cast-iron bars, exhibiting great deficiency in 
its elastic powers. Where the bar retained its power of restoration up to 30,000 deflec- 
tions, with 10,000 more changes it took a set of *06 inch, and from that number, with 
810 additional depressions, the set increased to 1‘84 inch, evidently showing that it 
would have continued still further to increase until the bar was rendered useless. 

Comparing these experiments with those obtained from the riveted wrought-iron 
beam in the following experiments, it will be found that a load equivalent to one-fourth 
the breaking-weight produced no visible change nor any permanent set after being sub- 
jected to 1,000,000 depressions of T7 and '22 inch. By increasing the load from one- 
fourth to two-fifths, it sustained 6175 additional deflections of *22 inch, when it broke. 
The difierence between the experiments on the wrought-iron bar and the wrought-iron 
manufacturM girder consists in the greater rigidity of the latter, and in its increased 
power of resistance to vibration and the force of impact, the weight on the girder 
descending upon it by the force of gravity. 

The institution of experiments for the purpose of ascertaining the value of wrought- 
iron riveted plates, in the form of tubes, through which a railway train should pass, was 
a conception which led to a new era in the history of bridges, and ultimately efiected the 
passage of the estuaiy of the Conway and the Menai Straits. These experiments not 
only gave the form and strengths required for the construction of these colossal structures, 
but they developed an entirely novel system of constructive art, and established the 
principle on which wrought-iron bridges should in future be made. Since then some 
thousands of bridges, many of them of great span, have been constructed, composed 
entirely of wrought iron, and are now in existence supp6rting railways and common 
roads to an extent hitherto unknown in the history of bridge-building, and such as 
could not have been accomplished by any other description of material than malleable 
iron or steel. 

The construction of the Britannia and Conway bridges in the tubular form led to other 
constructions, such as the tubular girder, the plate and lattice girder, and other forms, all 
founded on the principle developed in the construction of the large tubes as they now 
span the Conway and the Menai Straits. In the tubular bridges, it was first designed 
that their ultimate strength should be six times the heaviest load that could ever be 
laid upon them, after deducting half the weight of the tube. This was considered a 



316 DB. FAIBBAIEN ON THE EFFECT OF IMPACT, VIBBATOBT ACTION, 

fair margin of strength ; but subsequent considerations, such as generally attend a new 
principle of constructidn with an untried material, induced an increase of strength, and, 
instead of the ultimate strength being six times, it was increased to eight times the 
weight of the greatest load. 

The stability and great success of these bridges gave increased confidence to the 
engineer and the public, and for several years the resistance of six times the heaviest 
load was considered an amply sufficient margin of strength. 

Owing to the success of these undertakings, there was a general demand for wrought- 
iron bridges in every direction, and numbers were made without any regard to first 
principles, or to the law of proportion necessary to be observed in the sectional areas 
of the*top and bottom fianges, so clearly and satisfactorily shown in the early experi- 
ments. The result of this was a number of weak bridges, many of them so dispro- 
portioned in the distribution of the material as to be almost at the point of rupture 
with little more than double the permanent load. These discrepancies, and the erroneous 
system of contractors tendering by weight, led not only to defects in the principle of 
construction, but the introduction of bad iron and, in many cases, equally bad work- 
manship. Now there is no construction which requires greater care and more minute 
attention to sound principles than wrought-irm girders, whether employed for bridges of 
large or small span or for buildings. The lives of the public entirely depend upon the 
knowledge and skill of the engineer, and the selection of the material which he 
employs. . 

The defects and break-downs which followed the first successful application of 
wrought iron to bridge-building led to doubts and fears on the part of engineers ; and 
many of them contended for eight, and even ten times the heaviest load as the safe 
margin of strength. Others, and amongst them the late Mr. Bbunel, fixed a lower 
standard ; and I believe that gentleman was prepared in practice to work up to one-third 
or two-fifths of the ultimate strength of the weight that would break the bridge. 
Ultimately it was decided by the authorities of the Board of Trade, but from what data 
I am not informed, that no wrought-iron bridge should with the heaviest load exceed a 
strain of 6 tons per square inch. Now on what principle this standard was establbhed 
does not appear ; and on application to the Board of Trade the answer is, that “ The 
Lords Commissioners of Trade require that all future bridges for railway traffic shall 
not exceed a strain of 6 tons per square inch.” 

The requirement of 6 tons per square inch on the part of the Board of Trade is not 
sufficiently definite to secure in all cases the best form of construction. It is well 
known that the powers of resistance to strain are widely different with wrought iron, 
according as we apply a force of. tension or compression; it is even possible so to dis- 
proportion the top and bottom areas of a wrought-iron girder calculated to support six 
times the rolling load, as to cause it to yield with little more than half the ultimate 
strain or 10 tons on the square inch. For example, in wrought-iron girders with solid 
tops it requires the sectional area m the top to be nearly double that of the bottom, to 
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equalize the two forces of tension and compression ; and unless these proportions are 
strictly adhered to in the construction, the 6-ton strain per square inch is an error 
which may lead to dangerous results. Again, it was ascertained from direct experiment 
that double the quantity of material in the top of a wrought-iron girder was not the 
most effective form for resisting compression. On the contrary, it 
was found that little more than half the sectional area was required, 
and, when converted into rectangular cells similar to a, a, «, was in 
its powers of resistance equivalent to double the area when formed 
of a solid plate. This discovery was of great value in the con- 
struction of tubes and girders of wide span, as the weight of the 
structure itself (which increases as the cubes, and the strength 
only as the squares) forms an important part of the load to which 
it is subjected. On this question it is evident that the require- 
ment of the Board of Trade cannot be applied in both cases, and 
is therefore ambiguous as regards its application to different forms 
of structure. In the 5-ton per square inch strain there is not a 
word said about the dead weight of the bridge ; and we are not 
informed whether the breaking-weight was to be so many times the 
applied weight plus the multiple of the load, or, in other words, whether it included 
or deducted the weight of the bridge itself. 

These data are wanting in the railway instructions ; and until some fixed principle of 
construction is determined upon, accompanied by a standard measure of strength, it is 
in vain to look for any satisfactory result in the erection of road and railway bridges 
composed entirely of wrought iron. 

I have been led to inquire into this subject with more than ordinary care, not only 
on account of the imperfect state of our knowledge, but from the want of definite 
instructions from the authorities whose duty it is to secure the safety of bridges and 
to protect the public from malconstructions. To accomplish this, I have in the fol- 
lowing experimental researches endeavoured to arrive at the extent to which a bridge 
or girder of wrought iron may be strained without injury to its ultimate powers of 
resistance. I have endeavoured to ascertain the exact amount of load to which a bridge 
may be subjected without endangering its safety, or, in other words, to determine the 
fractional strain of its estimated powers of resistance. 

To arrive at correct results and to imitate as nearly as possible the strain to which 
bridges are subjected by the passage of heavy railway trains, the apparatus specially 
adapted for that purpose was designed to lower the load quickly upon the beam in the 
first instance, and subsequently to produce a considerable amount of vibration, as the 
large lever with its load and shackle was left suspended upon it in the second. The 
apparatus was sufficiently elastic for that purpose, as may be seen on reference to the 
drawings. 
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The beam A, Plates VI. & VII., is composed of an iron plate riveted with angle- 
irons 22 feet long, of an inch thick, and 16 inches deep. 

It was supported on two brick piers 20 feet apart. Beneath the bottom flange is 
fixed the lever B, which, by means of the link and shackle C, grasps the lower web of 
the beam close to the fulcrum D. This fulcrum, on which the lever oscillates, is 
formed of a vertical bar E, which acts as a standard, and has screw-nuts to regulate the 
height from the cast-iron plate F to the fulcrum D. The machinery for lifting the 
lever and scale at H consists of the shaft and pulley I, driven by a water-wheel ; and 
from this shaft the apparatus for lifting the load is worked by a strap from the pulley 
on the pinion-shaft K, which drives the shaft and spur-wheel L, giving motion to the 
connecting rod M. This rod has an oblong slot at its lower end, in which the pin at 
the end of the lever works. From this description it will be seen that, in turning , the 
spur-wheel L, the weight is not raised until the bottom of the slot comes in contact with 
the pin of the lever, when the load is taken entirely oflT the beam. That being accom- 
plished, the connecting rod descends, when the load is again laid upon the beam and 
left suspended with a vibratory motion for some seconds, until the remainder of the 
stroke is completed, when the connecting rod again rises for the succeeding lift. In 
this way the weights are lifted off and replaced alternately upon the beam at the rate 
of seven to eight strokes per minute. The apparatus is worked night and day py a 
water-wheel, and the number of changes are registered by the counter attached to the 
vertical post at G. 

The girder subjected to vibration in these experiments is a wrought-iron plate beam 


of 20 feet clear span, and of the following dimensions : — 

inches. 

Area of top, 1 plate 4 inches xi inch 2*00 

„ 2 angle-irons 2 x 2 X 2*30 

4-30 

Area of bottom, 1 plate 4 inches xi inch 1*00 

„ 2 angle-irons 2 X 2 X -At inch 1*40 

2-40 

Web, 1 plate 15ixi 1*90 

Total sectional area 8*60 

Depth 16 inches. 

Weight 7 cwt. 3 qrs. 

Breaking^weight (calculated) 12 tons. 
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The beam having been loaded with 6643 lbs., equivalent to one-fourth of the ultimate 
breaking-weight, the experiment commenced as tollows : — 


Table I. — ^Experiment on wrought-iron beam with a changing load equivalent 4o one- 

fourth of the breaking-weight. 


Date, 1860. 

Number of 
changes of ] 4 >ad. 

Deflection pro- 
duced by load. 

Remarks. 

March 21. 

0 

0-17 



22. 

10,540 

0-18 


9f 

23. 

15,610 

0*16 



24. 

27,840 

. • • • 

Strap loose, and failed to lift the weight. 

ff 

26. 

46,100 

0-16 


ff 

27. 

57,790 

0-17 


If 

28. 

72,440 

0-17 


19 

29. 

85,900 

0-17 


99 

30. 

97,420 

0-17 


99 

31. 

112,810 

0-17 


April 

2. 

144,350 

0*16 


99 

4. 

165,710 

0-18 


99 

7. 

202.890 

0-17 


99 

10. 

235,811 

0-17 


99 

13. 

268,328 

0-17 


99 

14. 

281,210 

017 


99 

17. 

321,015 

0*17 


99 

20. 

343,880 

0-17 

The strap broke. 

99 

25. 

390,430 

0-17 


99 

27. 

408,264 

0*16 


99 

28. 

417,940 

0*16 


May 

1. 

449,280 

0*16 


99 

3. 

468,600 

0-16 


99 

6. 

489,769 

016 


99 

7. 

512,181 

016 


99 

9. 

536,355 

0-16 


99 

11. 

560,529 

0-16 

• 

99 

14. 

596,790 

016 



The beam having undergone above half a million changes of load, by working con- 
tinuously for two months, night and day, at the i-ate of about eight changes per minute, 
without producing any visible alteration, the load was increased from one-fourth to two- 
sevenths of the statical breaking-weight, and the experiment proceeded with till the 
number of changes of load reached a million. 


MDCCCLXIV, 


2x 
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Table II.— >Expesriment on the same beam with a load equivalent to two-sevenths of 

the breaking-height, or nearly tons. 


^ Date, 1860. 

Number of 
change# of load. 

Defloction, in 
inches. 

Remarks# 

May 14. 

0 

0-22 

In this Table die number of changes of load is 

15 

12 62;i 

0-22 

counted from 0, although the beam bad already 

•AM# 

17. 

.36,417 

0-22 

imdergone 696,790 changes, os shown in tihe pre- 
ceding Table. 

19. 

63,770 

0*21 


22. 

85,820 

0-22 . 


26. 

128,300 

0*22 ^ 


29. 

161,.500 

0-22 


31. 

177,000 

0-22 


June 4. 

194, .500 

0-21 


7. 

217,300 

0-21 


9. 

230,460 

0-21 


12. 

264,220 

0-21 


16. 

292,600 

0’22 


26. 

‘103,210 

0-23 

1 At this point the operations were suspended, the 
\ beam having suffered a million changes of load. 


The beam had now sustained one million changes of load without any apparent 
injury ; it was then considered necessary to increase the load to 10,486 lbs., or two- 
fifths of the breaking-weight, when the machinery was again put in motion. With 
this additional weight the deflections were increased, with a peimanent set of *05 inch, 
from *23 to ‘35, and after sustaining 5175 changes, the beam broke by tension a short 
distance from the middle. It is satisfactory here to observe that during the whole of 
the 1,005,175 changes none of the rivets were loosened or broke. 

Table III. — Beam repaired. 

The beam fractured in the preceding experiment was repaired by replacing the broken 
angle-irons on each side, and putting a patch over the broken plate equal in area to the 
plate itself. Thus repafred, a weight of three tons was placed on the beam, equivalent 
to one-fourth of the breaking-weight, when the experiments were again continued as 
before. 
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Date. 

Numbor of changes 
of load. 

Deflection, in 
inohea. 

Pernlanent act, 
in inches. 

Bemarka. 

186a 

August 9. 

158 

• « • • 

.... 

The load during those changes was equi- 
valent to 10,600 lbs., or 4*687o tons at the 
centre. With tins weight the beam took 
a large but tmmeasured set. 

Aug. 

11. 

12,950 

• • • • 

• « • • 

During those changes the load on the 


12. 

25,742 

0*22 

? 

beam was 802& lbs., or 3*58 tomi. 

Aug. 

13. 

25,900 

0-18* 

0 

Load reduced to2'96 tone, or 1th of the 

99 

16. 

46,326 

0-18 

0 

breaking'Weight. 

9} 

20. 

71,000 

0-18 

0 


99 

2 <. 

101,760 

0*18 

0 


99 

26. 

107,000 

0-18 

0 


99 

31. 

135,260 

0-18 

0*01 


Sept. 

1. 

140,500 

0-18 

0-01 


99 

8. 

189,500 

0-18 

0*01 


99 

15. 

242,860 

0*18 

0-01 


99 

22. 

277,000 

0-18 

0-01 


99 

30. 

320,000 

0-18 

0-01 


Oct. 

6. 

375,000 

0-18 

0-01 


99 

13. 

429,000 

0*18 

0-01 


99 

20. 

484,000 

0-18 

0*01 


99 

27. 

638,000 

0-18 

0-01 

• 

Nov. 

3. 

577,800 

0-18 

0*01 


99 

10. 

617,800 

0-18 

0-01 


99 

17. 

657,500 

0-18 

0*01 


99 

23. 

712,300 

0-18 

0-01 


Dec. 

1. 

708,100 

0-18 

0-01 


99 

8. 

821,970 

0*18 

0-01 


99 

15. 

875,000 

0-18 

0-01 


99 

22. 

929,470 

0-18 

O'Ol 


99 

29. 

1,024,600 

0*18 

0-01 


1861. 





Jan. 

9. 

1,121,100 

0*18 

0-01 


99 

19. 

1,214,000 

0-18 

0-01 


99 

26. 

1,278,000 

0-18 

0-01 


Feb. 

2. 

1,342,800 

0'18 

001 


99 

11. 

1,426,000 

0-18 

0-01 


99 

16. 

1,485,000 

0-18 

0-01 


99 

23. 

1,643,000 

0-18 

0*01 


March 

2. 

1,602,000 

0-18 

0-01 


99 

9. 

1,661,000 

0-18 

0-01 


99 

16. 

1,720,000 

0-17 

0-01 

1 

99 

23. 

1,779,000 

0-17 

0-01 

j 

99 

30. 

1,829,000 

0*17 

0-01 

1 

April 

6. 

1,885,000 

0'17 

O’Ol 


99 

13. 

1,945,000 

0-17 

0-01 


99 

20. 

2,000,000 

0-17 

0-01 


99 

27. 

2,069,000 

0'17 

0-01 


May 

4. 

2,110,000 

0-17 

001 


99 

11. 

2,165,000 

0-17 • 

0-01 


99 

20. 

2,250,000 

0-17 

0*01 


Sept. 

4. 

2,727,754 

0-17 

0-01 


Oct. 

16. 

3,160,000 

0-17 

0-01 



2 x2 
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At this point, the beam having sustained upwards of three million changes of load 
without any increase of the permanent set, it was assumed that it might have con- 
tinued to bear alternate changes to any extent with the same tenacity of purpose as 
exhibited in the foregoing Table. It was then concluded to increase the load from one- 
fourth to one-thijd of the breaking-weight ; and having laid on 4 tons, which increased 
the deflection to *20 inch, the work was proceeded with in the same order as in the 
previous experiments. 

Table iV. 


Date. 

Changes of load. 

Deflection, in 
inches. 

Permanent sot, 
in inches* 

Bemarkfl. 

1861. 





•Oct. 18. 

0 

0-20 



19. 

4000 

0*20 

0- 


Nov. 18. 

126,000 

0*20 



Dec. 18. 

237,000 

0-20 



1862. 





Jan. 9. 

313,000 

• • • • 

• • • • 

Broke by tension across the bottom web. 


From these experiments it is evident that wrought-iron girders of ordinary con- 
struction are not safe when submitted to violent disturbances with a load equivalent to 
one-third the weight that would break them. They, however, exhibit wonderful 
tenacity when subjected to the same treatment with one-fourth the load ; and assuming 
that an iron girder bridge will bear with this load 12,000,000 changes without injury, 
it is clear that it would require 328 years, at the rate of 100 changes per day, before its 
security was aflected. It would, however, be dangerous to risk a load of one-third the 
breaking-weight upon bridges of this description, as according to the last experiments 
the beam broke with 313,000 changes; or a period of eight years, at the same rate as 
before, would be sufficient to break it. It is more than probable that the beam might 
have been injured by the previous three million changes to which it had been subjected ; 
and assuming this to be true, it would then follow that the beam was progressing to 
destruction, and must of necessity at some time, however remote, have terminated in 
fracture. 

The experiments throw considerable light on this very intricate and very important 
subject. They are probably carried sufficiently far to enable us to state with certainty 
what is the safe measure of strength ; and as much depends upon the quality of the 
material and the skill with which the girders are put together, it becomes necessary 
for the public safety that a measure of strength should be established without encum- 
bering the structures with unnecessary weight. On this question it must be borne 
in mind that every additional ton that is not required beyond the limits of safety, is 
an evil that operates as a constant quantity tending to produce rupture; a^d hence 
follows the necessity of a careful distribution of the material, in order that the tube or 
girder shall be duly proportioned to the strains it has to bear, and that every part of the 
structure shall have its due proportion of work to perform. 
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I have assumed, for the sake of illustration, that every description of material, as re- 
gards its cohesive properties, follows the same law as that which we have experimented 
upon, or, in other words, in the ratio of its physical powers of resistance, that is to say, 
any beam will follow the same law in regard to its ultimate powers of resistance, when 
operated upon by a corresponding load due to that power. If this be true, we have 
only to follow the same rule as observed in the experiments, by loading cast-iron or 
wooden beams in the ratio of their cohesive powers of resistance, and their breaking- 
weights respectively. This has not been proved experimentally, but I- hope at some 
future time to have an opportunity of extending the experiments, in order to determine 
to what extent these views are correct 

The Lords Commissioners of Trade, in the exercise of their functions as conservators 
of the public safety, have adopted the rule that no railway bridge composed of wrought 
iron shall exceed with its heaviest rolling-load a strain of five tons per square inch of 
section upon any part of the bridge. The formula for this maximum of strain upon 
the material has been deduced from my own experiments on the model tube at 
Millwall. 

Assuming the top of the girder to be sufficiently rigid to prevent buckling by com- 
pression, the formula for the strength of the bottom section derived from these experi- 
ments is 

w=-r’ 


where the constant t?=80. 

Applying this formula to the beam experimented upon, we have 

a, the area of the bottom=2*4 inches, 
d, the depth of the beam=16 inches, 

the constant deduced from the model tube =80, 

?, the span or distance between the supports =2 40 inches. 


Hence 


W= 


2*4 X 16 X 80 


240 


=12*8 tons, 


the ultimate strength of the beam. 

In order to determine the strain per square inch in these experiments, we find 

where S represents the strain per square inch upon the section a, produced by the 
greatest load w, laid upon the middle of thd girder. 

It is necessary to observe that in a girder properly proportioned, the greatest strain 
per square inch will take place upon the bottom section ; so that if the strain upon the 
bottom section of such a girder be within the Government Commissioner’s condition of 
safety, thel* strain upon* the top section will necessarily be within that limit also. In a 
girder having the cellular structure at its top section, the area of the top section should 
be very nearly once and a quarter that of the bottom section, or the areas of their 
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sectioiis should bo respectively as 5 : 4 ; and the strain per square inch upon these parts 
will be respectively inversely as their areas; that is, the strain per square inch upon 
the top section will be f ths of the strain per square inch upon the bottom section. In 
one of the foregoing experiments, we have 

Z, the length of the girder=240 inches, 
w, the weight laid on the middle=2*96 tons, 
a, the area of the bottom section =2 *4 inches, 
d, the depth of the girder =16 inches; 

therefore 

the j^rain per square inch on the bottom section of the girder. 

Applying this formula to the whole series of experiments, wo obtain the following 
summary of results : — 


Summary of Results. — 1st Series of Experiments. 
Beam 20 feet between the supports. 


No of 
experi- 
ment. 


From March 2 1 st to 
May 146^ 1800 


Weight on 
middle of 
the beam, 
in tons. 

Number of 
changes of load. 

Strain per 

1 square inch 

1 on bottom. 

1 

Strain per 
square incli 
on top. 

2-90 

596,790 

4-62 

2-58 

3-50 

403,210 

5-46 

3-06 

4-68 

5,175 

7*31 

4'08 

1 




♦ The number of 1,005,175 changes was attained before fracture, with varying strains 
upon the bottom flange of 4*62 tons, 5*46 tons, and 7*31 tons per square inch. 


Beam repaired. — 2nd Series of Experiments. 



Here the number of 3,463,000 changes was attained when fracture ensued. 
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From the above it is evident that wrought-iron girders, when loq^ded to the extent of a 
tensile strain of seven tons per square inch, are not safe, if that strain is subjected to 
alternate changes of taking off the load and laying it on again, provided a certain 
amount of vibration is produced by that process ; and what is important to notice is, 
that from 300,000 to 400,000 changes of this description are sufficient to ensure fracture. 
It must, however, be borne in mind that the beam from which these conclusions are 
derived had sustained upwards of 3,000,000 changes with nearly five tons tensile strain 
on the square inch, and it must be admitted from the experiments thus recorded that 
five tons per square inch of tensile strain on the bottom of girders, as fixed by the Board 
of Trade, appears to be an ample standard of strength. 

As regards compression, we have only to compare for practical purposes the difference 
between the resisting-powers of the material to tension and compression, and we shall 
require in a girder without a cellular top from one-third to three-fourths more material 
to resist compression t^aii to resist tension ; and as the strength of wrought iron in a state 
of compression is to its strength in a state of tension as about 3 to 4^, the area of the 
top and bottom will be nearly in that proportion, or, in other words, it will require that 
much more material in the top than the bottom to equalize the two forces. 

In the experimental beam the area of the top was considerably in excess of that of 
the bottom, it having been constructed on data deduced from the experiments on tubes 
without cells, which required nearly double the area on the top to resist crushing. In 
the construction of large girders, where thicker plates arc used, this proportion no longer 
exists, an much greater rigidity is obtained in the thicker plates, which causes a closer 
approximation to equal areas in the top and bottom of the girder ; and from this we 
deduce that from one-third to three-fourths, and in some cases one-third additional 
area in the top has been found, according to the size of the girder, sufficient to balance 
the two forces under strain. 

The foregoing experiments, however, were instituted to determine the safe measure 
of strength as respects tension, and it will be seen that in no case during the whole of 
the experiments was there any appearance of the top yielding to compression. 
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IX. The Bakerian Lecture. — Contrihutims to Molecular Physics. — Being the Fifth 
Memoir of Besearches on Radiant Heat. By John Tyndall, F.B.S., Member of the 
Academies and Societies of Holland, of Geneva, Gottingen, 2^rich, Halle, Marburg, 
Breslau, Upsala, la SocUtb PhUomathiq^i Paris, Cam. Phil. Soc. &c. ; Professor of 
Natural Philosophy in the Royal Institution. 

^ Received March 17, — Read March 17, 1864. 


Contents. 

§ I. Preliminary considerations. — Description of apparatus. 

§ II. Absorption of radiant heat of a certain quality by eleven different liqmds at five different thicknesses. 

§ III. Absorption of radiant heat of the same qualit/by the vapours of those liquids at a common tension. 

§ rV. Absorption of the same heat by the same vapours when tho quantities of vapour are proportional to 
the qtiantities of liquid. — Comparative view of the action of liquids and their vapours on radiant heat. 

* § V. Remarks on the chemical constitution of bodies with reference to their powers of absorption. 

§ VI. Transmission of raditint heat throiigh bodies opaque to light. — Remarks on the physical cause of trans- 
parency and opacity. 

§ YII. Infiuenco of temperature on the transmission of radiant heat. 

§ VIII. Changes of the position of diathermic bodies through changes of temperature of tho same source. — 
RadiatiOli from lampblack compared with that from platinum at tho same temperature. 

§ IX. Radiation from gas-fiames through vapours. — Reversals of position. 

§ X. Radiation from the fiames of hydrogen and carbonic oxide through air and other media. — Influence of 
period with reference to absorption. 

§ XI. Radiation through liquids. — Influence of period. — Conversion of long periods into short ones. 

§ XII. Explanation of certain results of Melloni and M. Knoblauch. 

§ XIII. Radiation of hydrogen-flame through lampblack, iodine, and rock-salt. — Diathermancy of rotk-salt 
examined. 

§ XIV. Connexion between radiation and conduction. 

§ 1 . 

The natural philosophy of the fiiture must, I imagine, mainly consist in the investiga- 
tion of the relations which subsist between the ordinary matter of the universe and the 
ether, in which this matter is immersed. Begarding the motions of the ether itself, as 
illustrated by the phenomena of reflexion, refraction, interference, and diflraction, the 
optical investigations of the last half century have left nothing to be desired ; but as 
regards the atoms and molecules whence issue the undulations of light and heat, and 
their relations to the medium which they move, and by which they are set in motion, 
these investigations teach us nothing. To come closer to the origin of the ethereal 
waves— to get, if possible, some experimental hold of the oscillating atoms themselves 
—has been the main object of the researches in which I have been engaged for the 
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last five years. In thq^e researches radiant heat has been used as an instrument for 
exploring molecular condition, and this is the object which I have kept constantly in 
view throughout the investigation which I have now the honour to submit to the Royal 
Society. 

The first part of these researches is devoted to the more complete examination of 
a subject which was briefly touched upon at the conclusion of my Fourth Memoir — 
namely, the action of liquids, as compared with that of their vapours, upon radiant 
heat. The difierences which exist between different gaseous molecules, as regards 
their power of emitting and absorbing radiant heat, have been already amply illus- 
trated. When a gas is condensed to a liquid, the molecules approach and grapple 
with each other by forces which are insensible as long as tlxe gaseous state is main- 
tained. But though thus coinknised and enthralled, the ether still surrounds the mole- 
cules. If, then, the powers of radiation and absorption depend upon them individually, 
we may expect that the deportment towards radiant heat which exp(;riment establishes 
in the case of the free molecule, will maintain itself after the molecule has relinquished 
its freedom and formed part of a liquid. If, on the other hand, the state of aggrega- 
tion be of paramount importance, we may expect to find on the part of liquids a deport- 
ment altogether different from that of their vapours. • 

Melloni, it is well known, examined the diathermancy of various liquids, but h(‘ 
employed for this purpose the flame of an oil-lamp, covered by a glass chimney. His 
liquids, moreover, were contained in glass cells ; hence the radiation from the source 
was profoundly modified before it entered the liquid at all, for the glass was imper- 
vious to a considerable part of the radiation. It was my wish to interfere as little as 
possible with the primitive emission, and also to compare the action of liquids with 
that of their vapours, when examined in a tube stopped with plates of rock-salt. I 
therefore devised an apparatus in which a layer of liquid of any thickness could be 
enclosed between two polished plates of rock-salt. It was skilfully constructed for me 
by Mr. Becker, and the same two plates have already done service in more than six 
hundred experiments. 

The apparatus consists of the following parts : — A B C (fig. 1) is a plate of brass, 
3*4 inches long, •2T inches wide, and 0*3 of an inch thick. Into it, at its comers, are 
rigidly fixed four upright pillars, furnished at the top with screws, for the reception of 
the nuts qrst. D E F is a second plate of brass of the same size as the former, and 
pierced with holes at its four corners, so as to enable it to slip over the four columns 
of the plate ABC. Both these plates are perforated by circular apertures, m n and 
Ojp, 1*35 inch in diameter. GHI is a third plate of brass of the same area as DEF, 
and, like it, having its centre and its comers perforated. The plate GHI is intended 
to separate the two plates of rock-salt, which are to form the walls of the cell, and its 
thickness determines that of the liquid layer. Thus when the plates ABC and D E F 
are in position, a space of the form of a shallow cylinder is enclosed between them, and 
this space can be filled with any liquid through the orifice h The separating plate 




6r H I was ground with the utmost accuracy, and the surfaces of the plates of salt were 
polished with extreme care, with a view to rendering the contact between the salt and 
the brass water-tight. In practice, however, it was found necessary to introduce washers 
of thin letter-paper between the plates of salt and the separating plate. 

In arranging the cell for experiment, the nuts qrst are unscrewed, and a washer of 
india-rubber is first placed on A B C. On this washer is placed one of the plates of 
rock-salt. On the plate of rock-salt is placed the washer of letter-paper, and on this 
again the separating plate G H I. A second washer of paper is placed on this plate, 
then comes the second plate of salt, on which another india-rubber washer is laid. 
The plate DEF is finally slipped over the columns, and the whole arrangement is 
tightly screwed together by the nuts qrst. The use of the india-rubber washers is 
to relieve the crushing pressure which would be applied to the plates of salt if they 
were in actual contact with the brass plates ; and the use of the paper washers is, as 
already explained, to render the cell liquid-tight. After each experiment, the appa- 
ratus is unscrewed, the plates of salt are removed and thoroughly cleansed ; the cell is 
then remounted, and in two or three minutes all is ready for a new experiment. 

My next necessity was a perfectly steady source of heat, of sufficient intensity to 
penetrate the most absorbent of the liquids to be subjected to examination. This was 
found in a spiral of platinum wire, rendered incandescent by an electric current. The 
frequent use of this source of heat led me to construct the lamp shown in fig. 2. A 
is a globe of glass 3 inches in diameter, fixed upon a stand, which can be raised an(f 
lowered. At the top of the globe is a tubulure, into which a cork is fitted, and through 
the cork pass two wires whose ends are united by the platinum spiral S. The wires 
are carried down to the bin din g screws ab^ which are fixed in the foot of the stand 

2 Y 2 
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so that when the instrument is attached to the battery no strain is ever exerted on 
the wires which cfury the spiral. The ends of the thick wire to which the spiral is 
attached are also of stout platinum ; for when it was attached to copper wires, unsteadi* 
ness was introduced through oxidation. The heat issues from the incandescent spiral 
by the opening d, which is an inch and a half in diameter. Behind the spiral, finally, 
is a metallic reflector, r, which augments the flux of heat without sensibly changing its 
quality. In the open air the red-hot spiral is a capricious source of heat ; but sui> 
rounded by its glass globe its steadiness is admirable. 

The whole experimental arrangement will be immediately understood from the sketch 



given in fig. 3. A is the platinum lamp just described, heated by a current from a 
Grove’s battery of five cells. It is necessary that this lamp should remain perfectly 
constant throughout the day ; and to keep it so, a tangent galvanometer and a rheocord 
are introduced into the circuit. 

In front of the spiral, and surrounding the tubulure of its globe, is the tube B with 
an interior reflecting surface, through which the heat passes to the rock-salt cell C. 
This cell is placed on a little stage soldered to the back of the perforated screen S S, so 
that the heat, after having crossed the cell, passes through the hole in the screen, and 
afterwards impinges on the thermo-electric pile P. The pile is placed at some distance 
*from the screen S S, so as to render the temperature of the cell C itself of no account. 
C' is the compensating cube, containing water kept boiling by steam from the pipe p. 
Between the cube O and the pile P is the screen Q, which regulates the amount of 
heat falling on the posterior face . of the pile. The whole arrangement is here exposed; 
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but in practice the pile P and the cube G are carefully protected from the capricious 
action of the surrounding air. « 

The experiments are thus performed. The empty rock-salt cell C being placed on its 
stage, a double silvered screen (not shown in the figure) is first introduced between the 
end of the tube B and the cell C ; the radiation from the spiral being thus totally cut 
off, and the pile subjected to the action of the cube G alone. By means of the screen Q, 
the total heat to be adopted throughout the series of experiments is obtained : say that it 
is sufficient to produce a galvanometric deflection of 60 degrees. The double screen used 
to intercept the radiation from the spiral is then gradually withdrawn until this radiation 
completely neutralizes that from the cube G, and the needle of the galvanometer points 
steadily to zero. The position of the double screen, once flxed, remains subsequently 
unchanged, the slight and slow alteration of the source, being neutralized by the rheo- 
cord. Thus the rays in the first instance pass from the spiral through the empty rock- 
salt cell. A small funnel, supported by a suitable stand, dips into the aperture which 
leads into^the cell, and through this the liquid is poured. The introduction of the liquid 
destroys the previous equilibrium, the galvanometer needle moves, and finally assumes a 
steady deflection ; and from this deflection we can immediately calculate the quantity of 
heat absorbed by the liquid, and express it in hundredths of the entire radiation. 

For example, the empty cell being placed upon its stand, and the needle being at 0®, 
the introduction of iodide of methyl into the cell produced a deflection of 30®*8. The 
total radiation on this occasion was 44®*2. Taking the force necessary to move the 
needle from 0° to 1° as our^ unit, the deflection 30®*8 corresponds to 32 such units, 
while the deflection 44®’2 corresponds to 68*3 such units. Hence the statement 

68-3:100 = 32:64-9, 

which gives an absorption of 64-9 per cent, for a layer of liquid iodide of methyl 0-07 of 
an inch in thickness. 

§ 2 . 

The following Table contains the results obtained in this manner with the respective 
liquids there mentioned. It embraces both the deflection produced by the introduction 
of the liquid, and the quantity per cent, intercepted of the entire radiation. It has 
been intimated to me by some of my Continental friends that the publication of such 
details as would enable a reader to judge of the precision attainable by my apparatus 
would be desirable. In this paper I shall, to some extent, endeavour to satisfy this 
desire, making use, however, of my ordinary experiments. 

Table I. — Badiation of heat through Liquids. Source of heat, red-hot platinum spiral. 

Thickness of liquid layer 0-07 of an inch. 

Name of liquid. Deflection. Absorption per 100. 

Iodide of Methyl .... 30-8 54-9 

Iodide of Ethyl 33 0 60-4 
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Table I. (continued). 


Name of liquid. 

Deflection. 

Absorption per 100. 

Benzol 

. . . 3B*3 

67-0 

Amylene .... 

. . . 37-7 

74*8 

Sulphuric Ether . . 

. . . 39*0 

79*4 

Acetic Ether . . . 

. . . 39*6 

81*6 

Alcohol .... 

. . . 41*0 

86*6 

Water* .... 

. . . 43*3 

91*4. 

Total heat .... 

. . . 44*2 

100 

In these experiments I employed a 

less delicate galvanometer than that used in my 

former researches. The experiments 

were made on the 29 th of September, and on the 

following day I repeated them with the following results 

— 

Table II. — Eadiation of heat through Liquids. Source of heat, red-hot platinum spiral. 

Thickness of liquid layer 0*07 of ar 

inch. 

Name of liquid. 

Deflection. 

Absor])tion per 100. 

Iodide of Methyl 

. . . 33*5 

53*7 

Iodide of Ethyl . . 

. . . 35*5 

58-7 

Benzol 

. . . 37*5 

64*4 

Amylene .... 

. . . 39*5 

70-7 

Sulphuric Ether . . 

. . 41-0 

75-4 

Acetic Ether . . . 

. . . 41*5 

76-9 

Formic Etlu'r , . . 

. . . 42*4 

80*0 

Alcohol 

. . . 43*5 

84*2 

Water 

. . . 44*7 

90*5 

Total heat .... 

. . . 46*7 

100*0 

On the 28th of October my most delicate galvanometer 

was at liberty, and with it I 

executed the experiments performed with the coarser one. The following are the 


results : — 

Table III. — Eadiation of heat through Liquids. Source, red-hot platinum spiral. 

Thickness of liquid layer 0*07 of an inch. 


Name of liquid. 

Deflection. 

Absorption 

per 100 

Bisulphide of Carbon 

. 9*0 

12*6 


Chloroform 

. 26-2 

35*0 


Iodide of Methyl 

. 360 

63*2 

64-3 

Ditto, strongly coloured with iodine . 

. 36-0 

63*2 


Iodide of Ethyl 

. 38-2 

69*0 

69-6 


* To prevent the water from attacking the cell, it was always first saturated with the substance of the cell 
itself, namely, transparent rock>salt. 
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Table III. (continued). 

» Name of liquid. Deflecticm. Absorption per 100. 

Benzol 39*2 62*5 65*7 

Amylene ... 42*0 73*6 72*3 

Sulphuric Ether 42*6 76*1 77*4 

Acetic Ether 43*4 78*0 79*3 

Formic Ether 43*3 79*0 80*0 

Alcohol 44*4 83*6 85*4 

Water 45*6 88*8 90*9 

Total heat 48*0 ' 100*0 


I have here placed beside the results obtained with the delicate galvanometer, the 
means of those obtained with the coarser one. It is not my object to push these 
measurements to the last degree of nicety ,* otherwise the satisfactory agreement here 
exhibited might be made still better. 

To render the experiments on liquid transmission more complete, I operated with 
layers of various thicknesses, employing throughout my most delicate galvanometei*. 
The results of these measurements are recorded in the following series of Tables : — 

Table IV. — Eadiation of heat through Liquids, Source, red-hot platinum spiral. 

Thickness of liquid layer 0*02 of an inch. 


Name of liquid. 

Dofloction. 

Absorption per 100. 

Bisulphide of Carbon . 

. . 4*0 

5*5 

Chloroform .... 

. . 12*0 

10*G . 

Iodide of Methyl 

. . 20*0 

36*1 

Iodide of Ethyl . 

. . 27*5 

38*2 

Benzol 

. . .31*3 

43*4 

Amylene 

. . 38*0 

58*3 

Boracic Ether . . . 

. . 39*0 

61*8 

Sulphuric Ether . . . 

. . 39*5 

63*3 

Formic Ejher . . . 

. . 40*0 

65*2 

Alcohol 

. . 40*5 

67*3 

Water 

. . 43*7 

80*7 

Total heat 

. . 48*0 

100*0 

Table V. — Thickness of liquid layer 

0*04 of an inch. 

Name of liquid. 

Dofloction. 

Absorption per 100. 

Bisulphide of Carbon . 

. . ^*1 

8*4 

Chloroform .... 

. . 18*0 

25*0 

Iodide of Methyl . . 

. . 33*0 

46*5 

Iodide of Ethyl . . . 

. . 36*0 

60*7 
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Table V. (continued). 


Name of liquid. 

Deflection. 

Abaorption per 100. 

Benzol 

. . . sf o 

66‘7 

Amylene .... 

. . . 40-0 

66-2 

Boracic Ether . . 

. . . 41*0 

69-4 

Sulphuric Ether . . 

. . . 420 

73-6 

Acetic Ether . . . 

. . . 421 

74-0 

Formic Ether . . . 

. . . 42-5 

76-3 

Alcohol 

. . . 43-2 

78-6 

Water 

. . . 450 

86-1 

Total heat . . . 

. . . 48-0 

1000 

Table VI. — Thickness of liquid layer 

0*14 of an inch. 

Name of liquid. 

Deflection. 

Absorption per 100. 

Bisulphide of Carbon 

. . . li o 

15-2 

Chloroform . . 

. . . 28-6 

40-0 

Iodide of Methyl 

. . . 40*0 

65*2 

Iodide of Ethyl . 

. . . 40-9 

69-0 

Benzol 

. . . 41-5 

71-5 

Amylene .... 

. . . 43-0 

, 77-7 

Sulphuric Ether . . 

. . . 43*2 

78-6 

Acetic Ether . . . 

. . . 44-0 

82 0 

Formic Ether . . . 

. . . 44-6 

84-0 

Alcohol 

. . . 44-8 

86-3 

Water 

. . . 46-3 

91-8 

Total heat .... 

. . . 48-0 

1000 

Table VII. — ^Thickness of liquid layer 0*27 of an inch. 

Name of liquid. 

Deflection. 

Absprption per 100. 

Bisulphide of Carbon 

• O 

. . . 12*6 

17-3 

Chloroform . . . 

. . . 32-3 

44-8 

Iodide of Methyl 

. . . 40-8 

68-6 

Iodide of Ethyl . 

. . . 41-6 

71*6 

Benzol 

. . . 420 

73-6 

Amylene .... 

. . . 441 

82*3 

Sulphuric Ether . . 

. . . 44*8 

86-2 

Acetic Ether . ' . . 

. . . 460 

86a 

Formic Ether . . . 

. . . 46-2 

87-0 

Alcohol 

. . . 46-7 

89a 

Water 

. . . 46-1 

91-0 

ll6&t • • • . • 

. . . 480 

1000 
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The foregoing fesults are collected together in the folloing Table : — 

Table VIII. — ^Absorption of heat by liquids. Source, platinum spiral heated to a bright 

redness by a voltaic current. 


Liquid. 

ThickneBS of liquid in parts of an inch. 


0-02. 

0-04. 

0-07. 

014. 

0-27. 

Bisulphide of Carbon 

Chloroform 

•Iodide of Methyl 

Iodide of Ethyl 

Benzol 

Amylene 

Sulphuric Ether 

Acetic Ether 

Formic Ether 

Alcohol 

Water 

5*5 

16*6 

36*1 

38*2 

43"4 

58-3 

63-3 

65*^ 

67-3 

80*7 

8*4 

25*0 

46*5 

60*7 

65*7 

66*2 

73*5 

74-a 

76*3 

78'© 

86*1 

12*5 
35*0 
63*2 
59*0 
, 62-6 
73-6 
‘ 76*1 

78- 0 

79- 0 
83*6 
88*8 

16*2 

40*0 

65*2 

69*0 

71*6 

77.7 

‘78*6 

82*0 

84*0 

85*3 

91*8 

17*3 

44*8 

68*6 

71*5 

73*6 

82*3 

85*2 

86*1 

87*0 

89*1 

91*0 


Had it been desirable to push these measurements to the utmost limit of accuracy, I 
should have repeated each experiment, and taken the nieab of the determinations. But 
considering the way in which the different thicknesses check each other, an inspection 
of the ’Table must produce the conviction that the results express, within small limits 
of error, the action of the bodies mentioned. 

53. 

As liquids, then, those bodies are shown to possess very different capacities of inter- 
cepting the heat emitted by our radiating source ; and we have next to inquire whether 
these differences continue after the molecules have been released from the bond of 
cohesion. We must, of course, test the vapours by waves of the same period as those 
applied to the liquids ; and this our mode of experiment renders easy of accomplishment. 
The heat generated in a wire by a current of a given strength being invariable, it was 
only necessary, by means of the tangent compass and rheocord, to keep the current con- 
stant from day to day in order to obtain, both as regards quantity and quality, an 
invariable source of heat. 

The liquids from whioh the vapours were derived were placed in a small long flask, a 
separate flask being devoted to each. The air above the liquid, and within it, being first 
carefully removed by an air-pump, the flask was attached to the experimental tube in 
which the vapours were to be examined. This tube was of brass, 49*6 inches long, 
and 2*4 inches in diameter, its two ends being stopped by plates of rock-salt. Its 
interior surface was polished. At the commencement of each experiment, the tube 
having been thoroughly cleansed and exhausted, the needle stood at zero*. The cock 
of the flask containing the volatile liquid was then carefully turned on, and the vapour 
allowed slowly to enter the experimental tube. The barometer attached to the tube 
was finely graduated, and the descent of the mercurial column was observed through a 
magnifying lens. When a pressure of 0*6 of an inch was obtained, the vapour was cut 

* It is hardly neoeamy to remark that the principle of "compensation described in my former memoirs was 
employed here also., 

MDooemv. 


2z 
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off and the permanent deflection of the needle noted. Knowing the total heat, the 
absorption in lOOths of the entire radiation could be at once deduced from the deflec* 
tion. The following Table contains the results of the first series of experiments made 
with the platinum spiral as source. 

Table IX. — Radiation of heat through Vapours. Source, red-hot platinum spiral. 

Tension, 0*5 of an inch. 


Name of yapour. 

Deflectioa. 

Absorption per 

Bisulphide of Carbon . 

, . ifo 

4*7 

vMean. 

[ 4*7 

Bisulphide of Carbon . 

. . 16*8 

4*6. 

Chloroform .... 

. . 22-5 

6*2' 

] 6-3 

Chloroform .... 

. . 22-8 

6*3. 

Iodide of Methyl . . . 

. . 3^0 

9-7i 

[ 9*7 

Iodide of Methyl . . . 

. . U‘0 

9*7J 

Iodide of Ethyl . . . 

. . 46*0 

18*0] 

tl7-8 

1 

Iodide of Ethyl .. . . 

. . 46*6 

17*6J 

Benzol 

. . 48*6 

20*4] 

]20-4 

Benzol 

. . 48*6 

20*4J 

Amylene 

. . 66*3 

27*3] 

]27-3 

Amylcne . . , . . 

. . 66*2 

27*2J 

Total heat 

. . 78*3 

100*0 



The absence of all caprice or uncertainty in the measurements is, I think, demon- 
strated by the foregoing Table, which is simply an average sample of the degree of coin- 
cidence obtained in separate measurements. Two determinations were made in each 
case ; and it will be seen that while, in some instances, the second experiment yielded 
the same result as the first, in one instance only does the difference amount to half a 
degree of the galvanometer. 

The foregoing measurements were executed on the 6th of October. On the 7th they 
were in part repeated, with the following results. 


Table X. 


Name of vapour. 

Deflection. 

Absorption. 

Bisulphide of Carbon . . 

. 16“*6 

4*7 

Chloroform 

. 22*8 

6*6 

Iodide of Methyl .... 

. 33*0 

9*6 

Iodide of Ethyl .... 

. 46*0 

17*7 

Benzol ....... 

. 48*0 

20*6 

Amylene ...... 

. 65*3 

27*6 

Alcohol 

. 66*7 

28*1 . 

Formic Ether 

. 68*2> 

31*4 

Sulphuric Ether . . . . 

. 68*6 

31*9 

Acetic Ether . . . . . 

. 69*9 

34*6 

Total heat 

. 78*0 

100*0 
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Placing these results beside those recorded in Table X£., the manner in which they 
check each other will appear. 

Comparison of Tables IX. and X.— Absorption. 



Table IX. 

Table X. 

Bisulphide of Carbon . 

. . 4-7 

4-7 

Chloroform .... 

. . 6-3 

6-6 

Iodide of Methyl . . . 

. . 9-7 

9-6 

Iodide of Ethyl . . .• 

. . 17-8 

17-7 

Benzol 

. . 20-4 

20*6 

Amylene 

. . 27-3 

27-6 


The agreement, it will be seen, is as perfect as could be desired. 

Augmenting the opening through which the heat passed from the source into the 
experimental tube, the total heat was increased, and the experiments with a few of the 
vapours were repeated. The total heat in the last case produced a deflection of 78®, 
which is equal to 350 units; the total heat now employed produced a deflection of 
83°, which is equal to 606 units. It is easy to see that the experiments now to be 
recorded furnish a direct check on the calibration of the galvanometer. As long as 
the quality of the heat remains unchanged, the absorption ought to be the same with a 
high total heat as with a low one. But if experiment show that this is the case, it 
proves also that the calibration on which the calculation of the absorption depends, 
cannot be in error. The following results were obtained on the 8th of October : — 


Table X«. 

Dofloction. Absorption. 

Amylene 6*0 28*7 

Alcohol . . ‘ 66‘4 29’2 

Formic Ether 68*5 32*6 

Formic Ether 68*5 32*6 

Sulphuric Ether 69’2 33*6 

Sulphuric Ether 69*1 33*4 

Acetic Ether 69*7 34*6 

Acetic Ether 69*7 34’5 

Total heat 83*0 lOO’O 

Placing the results beside those recorded in Table X., we have the following com- 
pariaon: — 

Comparison of Tables X. and X a. 

Amylene 27*6 28*7 

Alcohol 28-1 29*2 

Formic Ether 31*4 32*5 

Sulphuric Uther 81*9 33*6 

Acetic Ether ...... 84*6 34*6 

2z2 
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The differences heroinre inconsiderable, and lean to neither side; within these limits, 
therefore, the calibration must be correct ; it shall be tested more severely in another 
part of this paper. 

H- 

We are now in a condition to compare the action of a series of volatile liquids with 
that of the vapours of those liquids upon radiant heat. 

Commencing with the substance of the lowest absorptive energy, and proceeding to 
the highest, we have the following order of absorption : — 


liquids. 

Bisulphide of Carbon. 
Chloroform. 

Iodide of Methyl. 
Iodide of Ethyl. 
Benzol. 

Amylene. 

Sulphuric Ether. 
Acetic Ether. 

Formic Ether. 
Alcohol. 

Water. 


Vapours. 

Bisulphide of Carbon. 
Chloroform. 

* Iodide of Methyl. 
Iodide of Ethyl. 
Benzol. 

Amylene. 

Alcohol. 

Formic Ether. 
Sulphuric Ether. 
Acetic Ether. 


Here, as far as amylene, the order of absorption is the same for both liquids and 
vapours. But from amylene downwards, though strong liquid absorption is in a general 
way'paralleled by strong vapour absorption, the order of both is not the same. There 
is not the slightest doubt that next to water alcohol is the most powerful absorber in the 
list of liquids ; but there is just as little doubt that the position which it occupies in the 
list of vapours is the correct one. This has been established by reiterated experiments. 
Acetic ether, on the other hand, though certainly the most energetic absorber in the 
state of vapour, falls behind both formic ether and alcohol in the liquid state. Still, 
on the whole, I think it is impossible to contemplate these results without arriving at 
the general conclusion that the act of absorption is in the main molecular, and that the 
molecule maintains its power as an absorber and radiator when it changes its state of 
aggregation. Should, however, any doubt linger as to the correctness of this conclusion, 
it will speedily disappear. 

A moment’s reflection will show that the comparison here instituted is not a strict 
one. We have taken the liquids at a common thickness, and the vapours at a common 
volume and pressure. But if the layers of liquid employed were turned bodily into 
vapour, the volumes obtained would mt be the same. Hence the quantities of matter 
traversed by the radiant heat are neither equal nor proportional to each other in the 
two. cases; and to render the comparison strict they ought to be proportional. It is 
easy, of course, to make them so ; for the liquids being examined at a cbnstant volume, 
their specific gravities give us the relative quantities of matter traversed by the radiant 
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heat) and from these, and the Tapour-densities, we can immediately deduce the corre- 
sponding volumes of the vapour. Calling the quantity of matter the vapour-density d, 
and the volume V, we have 

Vd=^, 

or 


V=|. 


dividing, therefore, the specific gravities of our liquids by the densities of their vapours, 
we obtain a series of volumes proportional to the masses of the liquids employed. The 
densities of both liquids and vapours are given in the following Table : — 


Table of Densities. 

Vapotir. Liquid. 

Bisulphide of Carbon . . . 2-63 1*27 


Chloroform 4*13 1*48 

Iodide of Methyr 4*90 2*24 

Iodide of Ethyl 6*39 1*96 

Benzol 2*69 0*86 

Amylene 2*42 0*64 

Alcohol 1*69 0*79 

Sulphuric Ether 2*66 0*71 

Formic Ether 2*66 0*91 

Acetic Ether 3*04 0*89 

Water 0*63 1*00 


Substituting for ^ the numbers of the second column, and for d those of the first, we 
obtain the following series of vapour volumes, whose weights are proportional to the 
masses of liquid employed. 


Table of Proportional Volumes. 


Bisulphide of Carbon .... 0*48 

Chloroform 0*36 

Iodide of Methyl 0*46 

Iodide of Ethyl 0*36 

Benzol 0*32 

Amylene 0*26 

Alcohol 0*60 

Sulphuric Ether 0*28 

Formic Ether . . < . . \ . 0*36 

Acetic Ether 0*29 

Water 1-60 


Employing the vapours in the volumes here indicated, the following results were 
obtained:-— 
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Tablb XI.<*-«>Radiati<m of heat through Vapours. Mass of vapour proportional to 


mass of liquid. 

Tension in parts 

Name of vapour. of an inch. Deflection. Absorption per 100. 

Bisulphide of Carbon . . . 0*48 | ^ ^ | 4*3 

Chloroform 0*36 | ^ J 6*6 

Iodide of Methyl .... 0*46 ( 2 ^ } 

Iodide of Ethyl 0*36 | 16-4 

Benzol 0*32 ^ 1 16*8 

l33*l J 

Amylene 0*26 • 37*7 19*0 

Sulphuric Ether .... 0*28 ^ J 21*5 

Acetic Ether 0*29 ^ 1 22*2 

144*0 / 

Formic Ether 0*36 ^ 1 22*5 

144*7 J 

Alcohol 0-60 1 ^®'® 1 22-7 

U4-9 J 


Here the discrepancies revealed by our former series of experiments entirely disappear, 
and it is proved that for heat of the same quality the order of absorption for liquids and 
their vapours is the same. We may therefore safely infer that the position of a vapour 
as an absorber or radiator is determined by that of the liquid from which it is derived. 
Granting the validity of this inference, the position of water fixes that of aqtieous 
velour. From the first seven Tables of this memoir, or from the r^sumS of results in 
Table VIII., it will be seen that for all thicknesses water exceeds the other liquids in 
the energy of its absorption. Hence, if no single experiment on the vapour of water 
existed, we should be compelled to conclude, from the deportment of its liquid, that, 
weight for weight, aqueous vapour transcends all others in absorptive power. Add to 
fhifl the direct and multiplied experiments by which the action of this substance on 
radiant heat has been established, and we have before us a body of evidence sufficient, 
I trust, to set this question for ever at rest, and to induce the meteorologist to apply 
without misgiving the radiant and absorbent property of aqueous vapour to the pheno- 
mena of his science. 

J 6. 

The order and relative powers of absorption of our vapours, when equal volumes are 
compared, are given in Table X. ; the chemical formulae of the substances, and the 
number of atoms which their molecules embrace, are as follows : — 
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Formula* Number of atoms in molecules. 


Bisulphide of Carbon . 

■ 4 OSa 

3 

Chloroform .... 

. . CHCl, 

6 

Iodide of Methyl , . . 

. . CH3I 

6 

Iodide of Ethyl . . . 

. . C3H5I 

8 

Benzol 

- . CfiHe 

12 

Amylene 

. . CjH.. 

16 

Alcohol 

. . CjHjO 

9 

Formic Ether .... 

. . C3 H3 O2 

11 

Sulphuric Ether . . . 

. . C4H.3O 

16 

• 

Acetic Ether .... 

. . C3H3O3 

14 

Boracic Ether .... 

* • B Cfi Hj3 O3 

26 


Here, for the first six vapours, the radiant and absorbent powers augment with the 
number of atoms contained in the molecules. Alcohol and amylenc vapours, however, 
are nearly alike in absorptive power, the molecule of amylene containing 16 atoms, while 
that of alcohol embraces only 9 . But in alcohol we have a third element introduced, 
which is absent in the amylene ; the oxygen of the alcohol gives its molecule such a 
character as enables it to transcend that of the amylene, though the latter contains the 
greater number of atoms. Here the idea of quality superadds itself to that of number. 
Acetic ether also has a less number of atoms in its molecule than sulphuric ether ; but 
whereas the latter has but one atom of oxygen, the former has two. Formic ether and 
sulphuric ether are almost identical in their absorptive powers for the heat here employed; 
still formic ether has but 11 atoms in its molecule, while sulphuric has 15 . But formic 
ether possesses two atoms of oxygen, while sulphuric possesses only one. Two things 
here suggest themselves as influential on the absorbent and radiant power, which may 
be expressed by the terms multitude and compleaity. As a molecule of multitude, amy- 
lene, for example, exceeds alcohol; as a molecule of complexity, alcohol exceeds 
amylene ; and in this case, as regards radiant and absorbent power, the complexity is 
more than a match for the multitude. The same remarks may be made with refer- 
ence to sulphuric and formic ether : the former excels in multitude, the latter in com- 
plexity, the excess in the one case eilmost exactly balancing that in the other. Adding 
two atoms of hydrogen and one of carbon to the formic ether, we obtain acetic ether, 
and by this addition the balance is turned; for though acetic ether falls short of sul- 
phuric ether in multitude, it transcends it in absorbent and radiant power. Outstand- 
ing from all others, when equal volumes are compared, and signalizing itself by the 
enormous magnitude of its absorption, we have boracic ether, each molecule of which 
embraces no less than 26 atoms. The time now at my disposal enables me to do little 
more than glance at these singular facts; but 1 must direct the attention of chemists to 
the water molecule: its power m a radiant and an absorbent is perfectly unprecedented 
and anomalous, if the usually recognized formula be correct. 
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46. 

In Table III. a fact is revealed which isVbrth a little farther attention. The mear 
surements there recorded show that the absorption of a layer of iodide of methyl, 
strongly coloured with iodine (which, doubtless, had been liberated by the action of 
light), ^as precisely the same as that of a perfectly transparent layer of the liquid. 
The io^e, which produced so marked an effect on light, did not sensibly affect the 
radiant heat emitted by the platinum spiral. Here are the numbers: — 

Absorptipn. 

Iodide of Methyl (transparent) . ; 63*2 

Iodide of Methyl (strongly coloured with iodine) . . . 63*2 

In this case, the incandescent spiral, or a flame, was visible when looked at through 
the liquid; I therefore intentionally deepened the colour (a rich brown), by adding 
iodine, until the layer was of suiflcient opacity to cut off wholly the light of a brilliant 
jet of gas. The transparency of the liquid to the radiant heat was not sensibly affected 
by the addition^ of the iodine. The luminous heat was of course cut off; but this, as 
compared with the whole radiation, was so small as to be insensible in the experiments. 

It is known that iodine dissolves freely in the bisulphide of carbon, the colour of the 
solution in thin layers being a splendid purple ; but in layers of moderate thickness it 
may be rendered perfectly opaque to light. I dissolved in the liquid a quantity of the 
iodine sufficient, when introduced into a cell 0*07 of an inch wide, to cut off wholly the 
light of the most brilliant gas-flame. Comparing the opaque solution with the transpa- 
rent bisulphide, the following results were obtained : — 

Deflection. Absorption. 

Bisulphide of Carbon (opaque) . . . . §*0 12*6 

Bisulphide of Carbon (transparent) . . . 9*0 12*6 

Here the presence of a quantity of iodine, perfectly opaque to a brilliant light, was with- 
out measureable effect upon the heat emanating from our platinum spiral. The liquid 
was sensibly thickened by the quantity of iodine dissolved in it. 

The same liquid was placed in a cell 0*27 of an inch in width ; that is to say, a solu- 
tion which was perfectly opaque to light, at a thickness of 0‘07 was employed in a layer 
of nearly four times this thickness. Here are the results : — 

Deflection. Absorption. 

O 

Bisulphide of Carbon (transparent) . . . 13*6 18*8 

Bisulphide of Carbon (opaque) .... 13*7 • 19*0 

The differmice between the two measurements lies within the limits of possible error. 

Bisulphide of carbon is commonly used to fill Lollow prisiAs, when considerable dis- 
persion is sought for in the decomposition of white light. Such prisms, filled with the 
opaque solution, intercept entirely the luminous part of the spectrum, but allow the extra- 
jred rays free passage. A heat-spectram of the sun, or of the electric light, may be thus 
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obtained entirely separated from the luminous one. By means of a prism of the trans- 
parent bisulphide, I determined the position of the spectrum of the electric light upon 
a screen, and behind the screen placed a thermo-electric pile so that when the screen 
was removed the extra^red rays fell upon the pile. I then substituted an opaque prism 
for the transparent one : there was no visible spectrum on the screen ; but the removal 
of the latter at once demonstrated the existence of an invisible spectrum by the thermo- 
electric current which is generated, and which was powerful enough to dash violently 
aside the needles of a large lecture-room galvanometer. 

To what, then, are we to ascribe the deportment of iodine towards luminous and 
obscure heat ? The diiference between both qualities of heat is simply one of period : 
in the one case the waves which convey the energy are short and of rapid recurrence ; 
in the other case they are long and of slow recurrence. The former are intercepted by 
the iodine, and the latter are allowed to pass. Whyl There can, 1 think, be only one 
answer to this question — ^that the intercepted waves are those whose periods coincide 
with the periods of oscillation possible to the atoms of the dissolved iodine. Sup- 
posing waves of any period to impinge upon an assemblage of molecgles of any other 
period, it is, I think, physically certain that a tremor of greater or less intensity will 
be set up among the molecules; but for the motion to accumulate so as to produce 
sensible absorption, coincidence of peijod is necessary. Briefly defined, therefore, trans- 
parency is synonymous with discord, while opacity is synonymous with accord between 
the periods of the waves of ether and those of the molecules of the body on which they 
impinge. The opacity, then, of our solution of iodine to light shows that its atoms are 
competent to vibrate in all periods which lie within the limits of the visible s^pectrum ; 
while its transparency to the extra-red undulations demonstrates the incompetency of 
its atoms to vibrate in unison with the longer waves. 

This simple conception will, I think, be found sufficient to conduct us with intel- 
lectual clearness through a multitude of otherwise perplexing phenomena. It may of 
course be applied immediately to that numerous class of bodies which are transparent 
to light, but opaque in a greater or less degree to radiant heat. Water, for example, is 
an eminent example of this class of bodies : while it allows the luminous rays to pass 
with freedom, it is highly opaque to all radiations emanating from obscure sources. A 
layer of this substance one-twentieth of an inch thick is competent, as Melloni has 
shown, to intercept all rays issuing from bodies heated under incandescence. Hence we 
may infer that, throughout the range of the visible spectrum, the periods of the water- 
molecules are in discord with those of the ethereal waves, while beyond the red we have 
coincidence between both. 

What is true of water is, of course, true in a less degree of glass, alum, calcareous 
spar, and of all the substances named in the first section of this paper. They are all in 
discord with the visible spectrum ; they are all more or less in accord with the extra- 
red undulations of the spectrum. 

MBCCCLZIV. 3 A 
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Thus also as regards lampblack : the blackness of the substance is due to the accord 
which reigns between the oscillating periods of its atoms and those of the waves 
embraced within the limits of the visible spectrum. The substance which is thus im- 
pervious to the luminous raf s is moreover the very one from which the whitest light of 
our lamps is derived. It can absorb all the rays of the visible spectrum, it can also 
emit them. But though in a far less degree than iodine, lampblack is also to some 
extent transparent to the longer undulations. Melloni was the first to prove this ; and 
in an experiment described in a former memoir, I myself found that 30 per cent, of the 
radiation from an obscure source found its way through a layer of lampblack, which 
cut off totally the light of the most brilliant jet of gas. I shall have occasion to show 
that, for certain sources of heat of long period, between 40 and 60 per cent, of the 
entire radiation is transmitted by a layer of lampblack which is perfectly opaque to our 
most brilliant artificial lights. Hence, in the case of lampblack, while accord exists 
between the periods of its atoms and those of the light-exciting waves, discord, to a con- 
siderable extent, exists between the periods of the same atoms and those of the extra- 
red undulations^ 

§ 7. 

. The power of varying at will the temperature of the platinum spiral, renders it pecu- 
liarly suitable for the examination of the influei^ce of temperature on the transmission 
of radiant heat. To obtain sources of different temperatures, Melloni resorted to 
lamps, to spirals heated to incandescence by the fiame of alcohol, to copper laminae 
heated by flame, and to the surfaces of vessels containing boiling water. No conclu- 
sions reading temperature can, as will afterwards be shown, be drawn from such 
experiments ; but by means of the platinum spiral we can go through all those changes 
of temperature, retainmg throughout the same vibrating atoms^ and we can therefore 
investigate how the alteration of the rate of vibration affects the rate of absorption. 
The following series of experiments were executed on the 9th of October, with a plar 
tinum spiral raised to barely visible redness, and vapours at a tension of 0*5 of an inch. 

Table XII. — Radiation of heat through Vapours. Source of heat, platinum spiral 

barely visible in the dark. 


Name of vapour. 

Deflection. 

Absorption per 100. 

Bisulphide of Carbon . 

. . 7*5 

e-si 

Bisulphide of Carbon . 

. . 7*46 

6*4/ 

Chloroform .... 

. . 10*5 

9*11 

Chloroform .... 

. . 10*6 

9*1/ 

Iodide of Methyl . . 

. . 14*5 

12*61 

Iodide of Methyl . . 

. . 14*6 

12*6/ 

Iodide of Ethyl . . . 

. . 24*2 

20*91 

Iodide of Ethyl . . . 

. . 24*6 

21-lJ 
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Table XII. (continued). 


Name of vapour. 

Deflection. 

Absorption per 100. 

Benzol 

. . 31-0 

26-71 

Benzol 

. . 30-0 

26-9J 

Amylenc 

. . 37*6 

35-6| 

Amylene 

. . 37-8 

35-9J 

Sulphuric Ether . . 

. . 411 

43-4.1 

Sulphuric Ether . .. 

. . 410 

43'4/ 

Formic Ether . . 

. . 41-7 

4601 

Formic Ether . . . 

. . 41-8 

46-3/ 

Acetic Ether . . . 

. . 43-6 

49 -SI 

Acetic Ether . . 

. . 43-4 

49-3/ 


On the 10th of October the following results were obtained with the same platinum 
spiral, raised to a white heat : — 

Table XIII. — Radiation of heat through Vapours. Source, white-hot platinum spiral. 


* Name of vapour. 

Deflection. 

Absorption per 100, 

Bisulphide of Carbon . 

. . 3-5 

2-91 

Bisulphide of Carbon . 

. . 3-4 

2-8/ 

Chloroform .... 

. . 6-7 

5-61 

Chloroform .... 

. . 6*7 

5-6J 

Iodide of Methyl . . 

. . 9-2 

7-71 

Iodide of Methyl . . 

. . 9-4 

7-9J 

Iodide of Ethyl . . . 

. . 15-4 

1301 

Iodide of Ethyl . . . 

. . 150 

12-6J 

Benzol 

. . 19*3 ’ 

16-61 

Benzol 

. . 19-0 

16-4/ 

Total heat .... 

. . 59-2 

100-0 

Amylene 

. 27-6 

22-61 

Amylene 

. . 27*7 

22-7J 

Formic Ether . . . 

. . 30-5 

25-01 

Formic Ether . . . 

. . 30-7 

26-2J 

Sulphuric Ether . . 

. . 31-4 

25-71 

Sulphtmc Ether . . 

. . 31-7 

26-0/ 

Acetic Ether . . . 

. . 330 

27-01 

Acetic Ether . . . 

. . 33-2 

27-3J 

Total heat .... 

. . 600 

100-0 


3 a2 
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With the same spiral, brought still nearer to its point of ^on, the following results 
were obtained with four of the vapours : — 

Table XIV. — Radiation through Vapours. Source, platinum spiral at an intense ^hite 

heat. 


Name of vapour. 

Deflection. 

Absorption. 

Bisulphide of Carbon . . 

. 14-5 

2-6) 

Bisulphide of Carbon . . 

. 14-6 

2 -Si 

Chloroform 

. 23-0 

3-9) 

Chloroform 

. 230 

3-9) 

Formic Ether .... 

. 60-4 

21-3) 

Formic Ether .... 

. 60-5 

21-3) 

Sulphuric Ether . . . 

. 62-3 

23-6) 

Sulphuric Ether . . . 

. 62*5 

23-8i 

Total heat 

. 82-7 

1000 


In the experiments recorded in the foregoing Table, a total heat of 82®*7, or 588 
units, was employed ; and to test whether the absorption calculated from this high total 
agreed with the absorptions calculated from a low total, a portion of the current was 
diverted, the branch passing through the galvanometer producing a deflection of 49'’‘4. 
This corresponds to 77 units. The source, it will be observed, is here quite unchanged ; 
the rays are of the same quality, and pass through the tube in the same quantity as 
before ; but in the one case the absorption is calculated from the deflection among the 
high degrees, and in the other case it is calculated from deflections among the low 
degrees of the galvanometer. 

The experiments were limited to formic and sulphuric ether, with the follpwing 
results : — 

Deflection. Absorption. Absorption from Table XIV. 

Formic Ether . . 17*7 23 ' 21*3 

Sulphuric Ether . . 19*1 24*8 23*7 

The agreement is such as to prove that no material error can have crept into the cali- 
bration. 

Placing the results obtained with the respective sources side by side, the influence of 
temperature on the transmission comes out in a very decided manner. 
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Table XV. — ^Absojrption of heat by Vapours. Tension 0*6 of an inch. 


Name of vapour. 


Source, platinum spbal. 

A. 



r~ 

Barely visible. 

Bright red. 

"White hot. 

Near fusion. 

Bisulphide of Carbon 

. 6-6 

4*7 

• 2*9 

2*5 

# Chloroform . . . 

. 9*1 

6*3 

6*6 

3*9 

Iodide of Methyl 

. 12-5 

9*6 

7*8 


Iodide of Ethyl . . 

. 21*0 

17-7 

12*8 


Benzol 

. 26*3 

20*6 

16*6 


Amylene .... 

. 36*8 

27*6 

22*7 

• 

Sulphuric Ether . . 

. 43*4 

31*4 

26*9 

23*7 

Formic Ether . . .' 

. 46*2 

31*9 

26*1 

21*3 

Acetic Ether . . . 

. 49*6 

34*6 

27*2 



The gradual augmentation of penetrative power as the temperature is augmented is 
here very manifest. By raising the spiral from a barely visible heat to an intense white 
heat, we reduce the absorption, in the cases of bisulphide of carbon and chloroform, to 
less than one-half. At barely visible redness, moreover, 66*6 and 64*8 per 100 get 
through sulphuric and formic ether respectively ; while, of the intensely white-hot spiral, 
76*3 and 78*7 per 100 pass through the same vapours. By augmenting the tempera- 
ture of solid platinum, we introduce into the radiation waves of shorter period, which, 
being in discord with the periods of the vapours, get more easily through them. 

What becomes of the more slowly recurrent vibrations as the more rapid ones are 
introduced 1 Do the latter take the place of the former 1 This question is answered 
by experiments made with an opaque solution of iodine, and with lampblack. As the 
temperature of the platinum spiral increases from a dark heat to the most intense white 
heat, the absolute quantity transmitted through both these bodies steadily augments. 
But this heat is wholly obscure, for both the solution and the lampblack intercept all 
the luminous heat. Hence the conclusion that the augmentation of temperature which 
introduces the shorter waves augments at the same time the amplitude of the longer 
ones, and hence also* the inference that a body like the sun must of necessity include in 
its radiation waves of the same period as those emitted by obscure bodies. 

5 8 . 

Running the eye along the numbers which express the absorptions of sulphuric and 
formic ether in Table XV., we find that, for the lowest heat, the absorption of the latter 
isxceeds that of the former; for a bright red heat they are nearly equal, but the formic still 
retains a sfight predominance ; at a white heat, however, the sulphuric slips in advance, 
and at the heat near fusion its predominance is decided. I have tested this result in 
various ways, and by multiplied mcperiments, and placed it beyond doubt. We may at 
once infer from it that the capacity of the molecule of formic ether to enter into rapid 
vibration is less than that of sulphuric; By augmenting the temperature of the spiral 
we produce vibrations of quicker periods, and the more of these that are introduced, the 
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more transparent, in comparison with sulphuric ether, does formic ether become. Thus 
what I have called its complexity tells upon the vibrating periods of the formic ether ; 
the atom of oxygen which it possesses in excess of sulphuric ether renders it more 
sluggish as a vibrator. Experiments made with a source of 212® Fahr. establish more 
decidedly the preponderance of the formic ether for vibrations of slow period. 

Table XVI. — Radiation through Vapours. • Source, Leslie’s cube, coated with lamp- 
black. Temperature, 212® Fahr. 


Namo of vapour. 

Absorption. 

Bisulphide of Carbon . 

. . . 6*4 

Iodide of Methyl . . 

. . . 18*4 

Chloroform .... 

. . . 19*5 

Sulphuric Ether . . 

. . . 54*8 

Formic Ether . . . 

. . . 60*9 


For heat issuing from this source, the absorption by formic ether is 6-1 per cent, in 
excess of that by sulphuric. 

Deeming the result worthy of rigid confirmation, I repeated the experiments, and 
obtained the following deflections : — 


Table XVII. 


Name of vapour. 

DcfloctionB. 

Bisulphide of Carbon . 

. . . 9 .3 

Iodide of Methyl . . 

. . . 25*0 

Chloroform .... 

. . . 26*5 

Iodide of Ethyl . . . 

. . . 34*0 

Benzol 

. . . 35*6 

Amylene 

. . . 46*8 

Sulphuric Ether . . 

. . . 47*3) 

Sulphuric Ether . . 

. . . il-V 

Formic Ether . . . 

. . . 49-7) 

Formic Ether . . . 

. . . 49-9J 

Acetic Ether .... 

. . . 61-4 


When the absorptions were calculated from these deflections, the absorption of formic 
ether was found to be 6*3 per cent, in advance of that of sulphuric. 

But in both Tables XVI. and XVII. we notice another case of reversal. In all the^ 
experiments with the platinum spiral recorded in Table XV., chloroform showed itself 
less energetic as an absorber than iodide of methyl; but in Tables XVI. and XVII. 
chloroform shows itself to be decidedly the more powerful of the two. Cases of f-h i * 
kind have, in my estimation, a peculiar significance, and I therefore take care to verify 
them. The experiments with all the vapours were therefore repeated, with the follow- 
ing results 
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Table XVIII. — ^Radiation through Vapours. Source, Leslie’s cube at 212® Fahr. 


Name of vapour. 

Deflection. 

Absorption. 

Bisulphide of Carbon . . 15*0 

6*6 

Iodide of Methyl 

.... 38*3 

18*8 

Chloroform . . 

.... 40-7 

21*6 

Iodide of Ethyl 

.... 46-2 

29*0 

Benzol . . . 

.... 60-0 

34*5 

Amylene . . 

67'8 

47-1 

Sulphuric Ether 

.... 60-3 

641 

Formic Ether . 

.... 621 

60*4 

Acetic Ether . 

.... 64-3 

69*9 

Total heat . . 

.... 71*4 

100*0 

The absorption by formic ether is 

here also 6*3 per cent, in 

excess of that effected by 

sulphuric ether ; while, as in the last two Tablps, chloroform excels iodide of methyl. 

Preserving the quality of the heat unchanged, but reducing its quantity from 71°'4 

=227 units to 52°*3=86’5 units, 1 

the following results were obtained : — 


Table XIX. 


Name of vapour. 

Deflection. 

Absorption. 

Iodide of Methyl 

. . . . 16*5 

18*3 

Chloroform . . 

. . . . 18*5 

20-6 

Iodide of Ethyl 

. . . . 24*4 

271 

Benzol . . . 

.... *30*0 

33*3 

Amylene , . 

. . . . 38*6 

48*6 

Sulphuric Ether 

. . . . 40*3 

. 63*2 

Formic Ether . 

. . . . 42*8 

60*0 


Placing the figures of Tables XVI., XVIII. and XIX. side by side, we have an oppor- 
tunity of seeing how results obtained on different days check each other. 


Table XX.' — Source, blackened cube of boiling water. 


Name of vapour. 


Absorptions from 



Table XVI. 

Table XVin. 

Table XIX.' 

Bisulphide of Carbon . . 

. 6*4 

6*6 

• 

Iodide of Methyl . . . 

. 18*4 

18-8 

18*3 

Chloroform 

. 19*5 

21*6 

20*6 

Iodide of Ethyl . . . 


29*0 

271 

Benzol . .... 


34*5 

33-8 

Amylene 


47*1 

48-6 

Sulphuric Ethef . . . 

. 64*8 

54*1 

63-2 

Formic Ether . . 

. 60-9 

60*4 

600 

Acetic Ether .... 

• III 

.69*9 
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Were it esseiitilal to my purpose) I should certainly be able to make even the small 
differences which here show themselves to disappear. But the agreement is such as to 
place the reliability of the experiments beyond doubt. It will he seen that, cowtrafy to*the 
results obtained with a white-hot spiral, in all three cases, where a blackened cube of boil- 
ing water was the source, chloroforrn exceeds iodide of methyl, cmd formic ether exceeds 
sulphuric in ahswbent p(mer. To confirm the demonstration, I once more resorted to 
the white-hot spiral, and obtained the following results : — 


Table XXI. — Radiation through Vapours. Source, white-hot platinum spiral. 


Name of vapour. 

Deflection. 

Absorption. 

Chloroform . . . 

... 9-8 

4-5 

Chloroform . . . 

... 9-6 

4-5 

Iodide of Methyl . 

. . . 160 

7-3 

Iodide of Methyl . 

. . . 15-8 

7-3 

Formic Ether . . 

. . . 421 

24-2 

Formic Ether . . 

. . . 42-3 

24-6 

Sulphuric Ether . 

. . . 43-6 

26-3 

Sulphuric Ether . 

. . . 43-5 

26-2 

Total heat . . . 

. . . 70'9 

100-0 

Here chloroform retreats once more 

behind iodide of methyl, and formic ether behind 

sulphuric. 



The positions of sulphuric and formic ether are reversed within the range of the 
experiments made with the platinum spiral, but this is not the case with the chloroform 
and the iodide of methyl. Even when the spiral was at a barely visible heat, the iodide 

was decidedly the most opaque of the two ; the same result 
heated under redness, as proved by the following figures ; — 

was obtained with a spiral 

Name of vapour. 

Deflection. 

Absorption. 

Chloroform . . . 

• 

• 

• 

OOc 

12-14 

Chloroform . . . 

. . . 8*5 

12-14 

Iodide of Methyl . 

. . . 100 

14-28 

Iodide of Methyl . 

. . . 100 

14-28 

Total heat . . . 

. . . 47-3 

100-0 


Here the iodide is still predominant. Is it, then, a question of temperature merely t 
or is there a special flux emitted by the lampblack, to which chloroform is particularly 
opaque 1 In other words, is there a special accord between the rates of vibration of 
lampblack and chloroform 1 To answer this question I operated thus : — ^The platinum 
spiral was heat^ by only two cells, and the strength of this current was lowered by the 
introduction of resistance. When decidedly below a red heat, the spinil was plunged 
into boiling water. Bubbles of steam issued from it, proving that its temperature was 
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above 212® Fahr. By augmenting the resistance its heat was lowered, until it was no 
longer competent to produqp the least ebullition. It was then withdrawn from the 
water, and employed as a source : the following are the results : — 

Table XXII. — Source, platinum spiral at 100® C. 


Name of vapour. Deflection. Absorption. 

Bisulphide of Carbon . . 6*7 7*03 

Chloroform 14*6 16*8 

Iodide of Methyl .... 15*3 18*0 


No reversal was here obtained. The temperature was then reduced so that the total 
heat fell from 81 units to 69 units ; but not even in this case (when the temperature was 
considerably below that of boiling water) could the reversal be obtained. The absorp- 
tions approach each other, but the iodide has still the advantage of the chloroform. 

Table XXIII. — Source, platinum spiral, heated under 100® C. 


Name of vapour. Deflection. Absorption. 

Bisulphide of Carbon ... 6*2 9*2 

Chloroform 10*0 17*3 

Iodide of Methyl .... 10*8 ^ 18*2 


It is not, therefore, temperature alone which determines the inversion : the experiments 
prove that there is a greater synchronism between the vibrating periods of chloroform 
and lampblack than between those of chloroform and platinum raised to the tempera- 
ture of the lampblack. It will be seen, however, that as the temperature of the plati- 
num falls, the opacity of the chloroform increases more quickly than that of the iodide : 
with an intensely white-hot spiral, as shown in Table XXI., the absorption of chloro- 
form is to that of the iodide as 100 : 162, while, with the spiral heated to a temperature 
of 212® Fahr., the ratio of the absorptions is as 100 : 105. 

5 9. 

We have hitherto occupied ourselves with the radiation from heated solids: I will 
now pass on to the examination of the radiation from flames. The first experiments 
were made with a steady jet of gas issuing from a small circular burner, the flame being 
long and tapering. The top and bottom of the flame were excluded, and its most 
brilliant portion was chosen as|the source. The following results were obtained .* — 


3 B 


HDCCCLXIY. 



852 PBOFBSSOB TTNDALL’8 OONXaiBTmONS TO MOLEOULAB FHTSIOS. 


Table XXIV. — Kadiation of heat through Vapours. Source, a highly luminous jet 

of gas. 


Xaine of vapour. 

Deflection. 

Absorption. 

White-hot spiral. 

Bisulphide of Carbon . . . 

• 

OOg 

CD 

9*8 

2*9. 

Chloroform 

. 10-9 

12*0 

6*6 

Iodide of Methyl 

. 15*4 

16*6 

7*8 

Iodide of Ethyl 

. 17-7 

19-6 

12*8 

Benzol 

. 20*0 

22*0 

16*6 

Amylene 

. 27*6 

30*2 

22*7 

Formic Ether 

. 31*6 

34*6 

26*1 

Sulphuric Ether 

. 32*6 

35*7 

26*9 

Acetic Ether 

. 34*2 

38*7 

27*2 

Total heat 

. 63*8 

100*0 



It is interesting to compare the heat emitted by the white-hot carbon with that 
emitted by the white-hot platinum ; and to facilitate the comparison, I have placed 
beside the results in the last Table those recorded in Table XIII. The emission from 
the flame is thus proved to be far more powerfully absorbed than the emission from the 
spiral. Doubtless, however, the carbon, in reaching incandescence, passes through lower 
stages of temperature, and in those stages emits heat more in accord with the vapours. 
It is also mixed with the vapour of water and carbonic acid, both of which contribute 
their quota to the total radiation. It is therefore probable that the greater accord 
between the periods of the flame and those of the vapours is due to the slower periods 
of the substances which arc unavoidably mixed with the body to which the flame mainly 
owes its light. 

The next source of heat employed was the flame of a Bunsen’s burner, the tempera- 
ture of which is known to be very high. The flame was of a pale-blue colour, and 
emitted a very feeble light. The following results were obtained : — 


Table XXV.— Ihidiation of heat through Vapours. 

Bunsen’s burner. 


Source, pale-blue flame of 
From Table XXIV. 


Name of vapour. Deflection. Absorption. Luminotis jet of gas. 

Chloroform 5*0 6*2 12*0 

Bisulphide of Carbon .... 9*0 11*1 9*8 

Iodide of Ethyl 11*3 14*0 19*5 

Benzol . . . . 14*6 17*9 22*0 

Amylene 19*6 24*2 30*2 

Sulphuric Ether 26*8 31*9 35*7 

Formic Ether 27*0 33*3 34*6 

Acetic Ether 29*4 36*3 88*7 

Total heat 60*6 100*0 100*0 
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The total heat radiated from the flame of Bttnsen’s burner is greatly less than that 
radiated when the incandesc^t carbon is present in the flame. The moment the air is 
permitted to mix with the luminous flame, the radiation falls so considerably that the 
diminution is at once detected, even by the hand or face brought near the flame. Com- 
paring Tables XXIV. and XXV., we see that the radiation from the Bunsen’s burner 
is, on the whole, less powerfully absorbed than that from the luminous gas jet. In some 
cases, as in that* of formic ether, they come very close to each other ; in the case of amy- 
lene, and a few other substances, they differ more markedly. But an extremely inter- 
esting case of reversal here shows itself. Bisulphide of carbon, instead of being first, 
stands decidedly below chloroform. With the luminous jet, the absorption of bisul- 
phide of carbon is to that of chloroform as 100 : 122, while with the flame of Bunsen’s 
burner the i^tio is 100 : 66; the removal of the carbon from the flame more than doubles 


the relative transparency of the chloroform. 

The case 

is of too much interest to be 

passed over without verification : here is the result obtained with a different total heat : — 

Deflection. 

Absorptiog. 

Chloroform 

16-5 

8*4 

Chloroform 

160 

8*2 

Bisulphide of Carbon . . . 

19-0 

9-7 

Bisulphide of Carbon . . . 

19*4 

9-9 

Total heat 

68*4 

’ 100*0 

And again, with an intermediate total heat,- 

— 


Deflection. 

Absorption. 

Chloroform 

10*2 

8-4 

Chloroform 

10*0 

8*4 

Bisulphide of Carbon . . . 

12*0 

9*8 

Bisulphide of Carbon . . . 

11*8 

9*7 

Total heat ....... 

60-0 

1000 


There is therefore no doubt that, while in the case of a platinum spiral at all tempera- 
tures, of a luminous gas flame, and, more especially, in the case of lampblack heated 
to 212® Fahr. the absorption of chloroform exceeds that of bisulphide of carbon, for the 
flame of Bunsen’s burner the bisulphide is the more powerful absorber of the two. The 
absorptive energy of the chloroform, as shown in Table XX., is more than three times 
that of the bisulphide, while ip Table XXV. the action of the bisulphide is nearly twice 
that of the chloroform. We have here, moreover, another instance of the reversal of 
formic and sulphuric ether. For the luminous jet the sulphuric ether is decidedly the 
more opaque ; for the flame of Bunsen’s burner it is excelled in opacity by the formic. 

5 10 , 

' The mai]| wdia t ing bodies in the flame of a Bunsen’s burner are, no doubt, aqueous 

3b2 
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vapour an4 cail;>oiuc acid. Highly heated nitrogen is also present, which may produce 
a sensible effect : the nnbumt gas, moreover, in proximity with the flame, and warmed 
by it, may contribute to the radiation, even before it unites with the atmospheric oxygen. 
But the main source of the radiation is, no doubt, the aqueous vapour and the carbonic 
acid. I wished to separate these two constituents, and to study them separately. The 
radiation of aqueous vapour could bo obtained from a flame of pure hydrogen, while 
that of carbonic acid could be obtained from an ignited jet of carbonic oxide. To me 
the radiation from the hydrogen-flame possessed a peculiar interest ; for notwithstand- 
ing the high temperature of such a flame, I thought it likely that the accord between its 
periods of vibration and those of the cool aqueous vapour of the atmosphere would still 
be such as to cause the atmospheric vapour to exert a special absorbent power upon the 
radiation. The following experiments test this surmise : — 

Table XXVI. — Radiation through Atmospheric Air. Source, a hydrogen-flame. 


Deflection. Absorption. 

o 

Dry air 0 0 

Undried air .... 21*5 17*20 

Total heat 60*4 100*0 


Thus, in a polished tube 4 feet long, tlm aqueous vapour of our laboratory air absorbed 
17 per cent, of the radiation from the hydrogen-flame. A platinum spiral, raised by 
electricity to a degree of incandescence not greater than that obtainable by plunging a 
wire into the hydrogen-flame, was used as a source of heat ; of its radiation, the undried 

air of the laboratory absorbed 

• 6*8 per cent., 

or one-third of the quantity absorbed when the flame of hydrogen was employed. 

The plunging of a spiral of platinum wire into the flame reduces its ten^perature ; but 
it at the same time introduces vibrations which are not in accord with those of aqueous 
vapour: the absorption by ordinary undried air of heat emitted by this composite 
source amounted to 

8*6 per cent. 

On humid days the absorption of the rays emitted by a hydrogen-flame exceeds even 
the above large figure. Employing the same experimental tube and a new burner, the 
experiments were repeated some days subsequently, with the following result : — 

Table XXVII. — ^Radiation through Air. Source, hydrogen-flame. 

* Absoiption. 

Dry air 0 

Undried air . . , . 20*3 

The undried air here made use of embraced the carbonic acid of the atmosphere ; after 
the foregoing experiments, the air was conducted through a tube containing a solution 
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of caustic potash, in which the carbonic acid was intercepted, while the air charged 
itself with a little additional moisture. The absorption then observed amountedrto 

20*3 per cent. 

of the entire radiation. The exact agreement of this with the last result is, of course, 
an accident ; the additional humidity of the air derived from the solution of potash 
happened to compensate for the action of the carbonic acid withdrawn. 

The other component of the flame of Bunsen’s burner is carbonic acid ; and the radia- 
tion of this substance is immediately obtained from a flame of carbonic oxide. With the 
air of the laboratory the following results were obtained : — 

Table XXVIII. — Radiation through Atmospheric Air. Source, carbonic-oxide flame 

(very small). 

Deflection. Absorption. 

Dry air 0 0 

Undried air ... . 10*0 16T 

Of the heat emitted by carbonic acid, 16 per cent, was absorbed by the common air 
of the laboratory. After the air had been passed through sulphuric acid, the aqueous 
vapour being thus removed*while the carbonic acid remained, the absorption was 13‘8 
per cent. 

An india-rubber bag was filled from the lungs; it contained therefore both the aqueous 
vapour and the carbonic acid of the breath. The air from the bag was conducted through 
a drying apparatus, the mixed air and carbonic acid being permitted to enter the expe- 
rimental tube. The following results were obtained ; — 

Table XXIX. — ^Air from the lungs containing C Og. Source^ carbonic-oxide flame. 


Tension in inches. 

Deflection. 

Absorption. 

1 

7-2 

12-0 

3 

16-0 

25-0 

5 

20-0 

33-3 

30 

30*8 

60-0 


Thus the tube filled with dry air from the lungs intercepted 60 per cent, of the entire 
radiation from a carbonic-oxide flame. It is quite manifest that we have here a means 
of testing with surpassing delicacy the amount of carbonic acid emitted under various 
circumstances by the act of expi^pition. 

That pure carbonic acid is highly opaque to the relation from the carbonic-oxide 
flame, is forcibly evidenced by the results recorded in the following Table. 
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TifiLB XXX. 

Badiation through dry Carbonic Add. Source, carbonic-oxide flame. 


Teanon in inches. 

Deflection. 

Absorption. 

1-0 

3§*7 

680 

2-0 

37-0 

61-7 

3-0 

38-6 

66-9 

4-0 

39-4 

70-0 

5*0 

40-0 

72-3 

10-0 

41-4 

78-7 

About four months subsequent to the performance of these experiments they were 
repeated, using as a source a much smaller flame of carbonic oxide. The absorptions 

were found somewhat less, but still 

very high. They follow in the next Table. 


Tablb,XXXI. 


Badiation through dry Carbonic Acid. Source, 

small carbonic-oxide flame. 

Tension in inches. 

Deflection. 

Absorption. 

1-0 

lf-3 

48-0 

2-0 

20-0 

55’5 

3-0 

21-7 

60-3 

4-0 

22-8 

66-1 

6*0 

24-0 

68-6 

10-0 

26-0 

74*3 


For the rays emanating from the heated solids employed in all my former researches, 
carbonic acid proved to be one of the most feeble absorbers ; but here, when the waves 
sent into it emanate from molecules of its own substance, its absorbent energy is enormous. 
The thirtieth of an atmosphere of the gas cuts off half the entire radiatioft; while at a 
tension of 4 inches, nearly 70 per cpnt. of the whole radiation is intercepted. 

The energy of olefiant gas, both as an absorbent and a radiant, is well known ; for 
the solid sources of heat just referred to, its power is incomparably greater than that of 
carbonic acid ; but, for the radiation from the carbonic-oxide flame, the power of olefiant 
gas is feeble when compared with that of carbonic acid. This is proved by the experi- 
ments recorded in the following Table : — 

Table XXXII. 

Badiation through dry Olefiant Gas. Source, carbonic-oxide flame. 


Tension in inches. 

Deflection. 

Absoiptioa. 

1 

ito 

24-2 

2 

26*0 

87-1 

4 

330 

491 

Total heat . 

. 47-3 

100-0 
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Four months subsequent to the performance of the above experiments, a second series 
were made with olefiant gas, and the following results obtained 

Table XXXIII. 

Radiation through dry Olefiant Oas. Source, small carbonic*oxide flame. 


Tension in inches. 

Deflection. 

Absorption. 

Dxom Tablo XXXI. 

10 

li-4 

23*2 

48*0 

2-0 

17-0 

34*7 

66*5 

3-0 

21-6 

44*0 

60*3 

4-0 

24-8 

50*6 

66*1 

6*0 

27*0 

661 

68*6 

10-0 

32*1 

65*6 

74*3 


Beside the absorption by olefiant gas, I have placed that by carbonic acid derived 
from Table XXXI. The superior power o.f the acid is most decided in the smaller 
tensions ; at a tension of an inch it is twice that of the olefiant gas. The substances 
approach each other more closely as the quantity of gas augments. Here, in fact, both 
of them approach perfect opacity ; and as they draw near to this common limit, their 
absorptions, as a matter of course, approximate. 

The temperature of a hydrogen-flame, as calculated by Bunsen, is 3269° C., while that 
of a carbonic-oxide flame is 3042° C. The foregoing experiments demonstrate that 
accord subsists between the oscillating periods of these sources and the periods of 
aqueous vapour and carbonic acid at a temperature of 15° C. The heat of the flame 
goes to augment the amplitude, and not to quicken the’^vibration. 


Sent through carbonic oxide, the radiation from the carbonic-oxide flame gave the 
following absorptions : — 


Table XXXIV. 


Radiation through Carbonic Oxide. 

Source, carbonic-oxide flame. 

Tension in inches. 

Deflection. 

Absorption. 

1 

1§0 

a9*o 

2 

27*0 

43*6 

4 

34*0 

66-4 

10 

37*3 

66-6 


The absorptive energy is here high — greater, indeed, than that of olefiant gas ; it 
fidls considerably short, however, of that exhibited by carbonic add. This result shows 
us that the main radiant in the flame is \t&prodv>ct of combustion, and not the carbonic 
oxide heated prior to combustion. 

Wishing to examine the radiation from a flame whose product of combustion is 
snlphurous add, through sulphurous add, I resorted to the flame of bisulphide of carbon. 
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Here, however," we had carbonic acid inix(^d with the' sulphurous acid of the flame. 
Of the heat radiated by this composite source, the absorption by an atmosphere of 
sulphurous acid amounted to 

60 per cent. 

The gas was sent from its generating retort through drying-tubes of sulphuric acid into 
a glass experimental tube 2*8 feet long. The comparative shortness of the tube, and 
the mixed character of the radiation, rendered the absorption less than it would have 
been had a source of pure sulphurous acid and a tube as long as that used in the other 
experiments been employed. 

I subsequently caused the radiation from the carbonic-oxide flame to pass through a 
few of our vapours, with the following results : — 

Table XXXV. 

Radiation through Vapours (tension 0*5 inch). Source, carbonic-oxide flame. 


Name of vapour. 

Deflection. 

Absorption. 

Bisulphide of Carbon . 

. . S’5 

9-8 

Chloroform .... 

. . 6-0 

10-7 

Formic Ether .... 

: . 14-5 

25-8 

Sulphuric Ether . . . 

. . 180 

32-1 

Total heat 

. . 43-0 

100-0 


The same vapours were employed to test the radiation from the hydrogen-flame, with 
the following results : — 

Table XXXVI. 

Radiation through Vapours (tension 0’5 inch). Source, hydrogen-flame. 


Name of vapour. 

Deflection. 

Absorption. 

Bisulphide of Carbon . 

• 

• 

OOo 

ob 

11-9 

Chloroform . . . * 

. . 9-9 

13-4 

Sulphuric Ether . . . 

. . 32-0 

42-2 

Formic Ether .... 

. . 35-0 

49-3 

Total heat 

. . 48*5 

100-0 


We here find that, in the case of every one of the four vapours, the synchronism 
with hot aqueous vapour is greater than with hot carbonic acid. The tempei*ature of 
the hydrogen-fiame is higher than that of the carbonic oxide ; but the radiation from the 
more intense source is most copiously absorbed. It has been already proved that, for 
waves of slow period, formic ether is more absorbent than sulphuric ether ; while for 
waves of rapid period, the sulphuric ether is the more powerful, absorber. For the 
radiation from hot carbonic acid, the absorption of sulphuric ether, as shown in Table 
XXXV., is between 6 and 7 per cent, in excess of that of formic ether; while for the 
radiation from hot aqueous vapour, the absorption by formic ether, as shown in Table 
XXXVI., is 7 per cent, in excess of that by sulphuric. That the periods of aqueous 
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vapour, as compared with those of carbonic acid, are slow, may therefore be inferred 
from these experiments. 

The two following Tables illustrate the action of carbonic acid gas and olefiant gas 
respectively, on the radiation from a flame of hydrogen : — , 

Table XXXVII. — Radiation through Carbonic Acid Gas. Source, hydrogen-flame. 


Tension in inches. 

Deflection. 

Absorption. 

1 


7-4 

2 

9-5 

12-8 

4 

11*0 

14*9 

30 

19-0 

26-7 

Total heat . . . 

. 48*6 

100-0 


Table XXXVIII. — Radiation through Olefiant Gas. Source, hydrogen-flame. 


Tension in inches. 

Deflection. 

Absolution. 

From Table XXXVII, 

1 

12-0 

16-2 

7-4 

2 

18-0 

24-3 

12*8 

4 

24-0 

32-4 

14-9 

30 

38-5 

58-8 

25-7 

Total heat . 

. 48-6 

100-0 

100-0 


A comparison of the last two columns, one of which is transferred from Table 
XXXVII., proves the absorption of the rays from a hydrogen-flame by olefiant gas to 
be about twice that of carbonic acid; while, Avhen the source was a carbonic oxide 
flame, the absorption by carbonic acid at small tensions was more than twice that eficcted 
by olefiant gas. 

§ 11 . 

Water at moderate thickness is a very transparent substance; that is to say, the 
periods of its molecules arc in discord with those of the visible spectrum. It is also 
highly transparent to the extra-violet rays ; so that we may safely infer from the dejjort- 
ment of this substance its incompetence to enter into rapid molecular vibration. When, 
however, we once quit the visible spectrum for the rays beyond the red, the opacity of 
the substance begins to show itself: for such rays, indeed, its absorbent power is 
unequalled. The synchronism of the periods of the water-molecules with those of the 
extra-red waves is thus demonstrated. 1 have already proved that undried atmospheric 
air manifests an extraordinary opacity for the radiation from a hydrogen-flame, and from 
this deportment I inferred the synchronism of the cold vapour of the air and the hot 
vapour of the flame. The vibrating-period of a molecule is, no doubt, determined by 
the elastic forces which separate it from other molecules, and it is worth inquiring how 
these forces are affected when a change so great as that of the passage of a vapour to a 
liquid occurs. The fact established in the earlier sections of this paper, that the order 
of absorption for liquids and their vapours is the same, renders it extremely probable 
mdccclxiv. 3 c 
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that the period of vibration is not materially affected by the change from vapour to 
liquid; for, if changed, it would probably be changed in different degrees for the 
different liquids, and the order of absorption t^ould be thereby disturbed*. The follow- 
ing Table, in which the deportment of our series of liquids towards the radiation from 
a hydrogen-flame is recorded, will throw additional light upon this question : — 


Table XXXIX. — Eadiation though Liquids. Source, hydrogen-flame. Thickness 

of liquid layer 0*07 of an inch. 


Name of liquid. 

Absorption. 

Transmission. 

Bisulphide of Carbon . 

. . 27-7 

72'8 

Chloroform .... 

. . 49-3 

60-7 

Iodide of Ethyl . . . 

. . 75-6 

24-4 

Benzol 

. . 82*3 

17*7 • 

Amylene 

. . 87-9 

12*1 

Sulphuric Ether . . 

. . 92*6 

7-4 

Formic Ether . . . 

. . 93-5 

6-5 

Acetic Ether . . . 

. . 93-9 

6-1 

Water 

. . 1000 

00 


Through a layer of water 9 21 millimetres thick, Melloni found a transmission of 
11 per cent, of the heat of a Locatelli lamp. Here we employ a source of higher tem- 
perature, and a layer of water only one-fifth of the thickness used by Melloni, and 
still we find the ivhole of the heat interceptedf. A layer of water, 0*07 of an inch in 
thickness, is sensibly opaque to the radiation from a hydrogen-flame. Hence we may 
infer the coincidence in period between cold water and aqueous vapour heated to a 
temperature of 3259° C.; and inasmuch as the period of the water-molecules has been 
proved to be extra-red, the period of the vapour-molecules in the hydrogen-flame must 
be extrapred also. 

Another point of considerable interest may here be adverted to. Professor Stokes has 
demonstrated that a change of period is possible to those rays which belong to the violet 
and extra-violet end of the spectrum, the change showing itself by a degradation of the 
refrangibility. That is to say, vibrations of a rapid period are absorbed, and the 
absorbing substance has become the source of vibrations of a longer period. Efforts, I 
believe, have been made to obtain an analogous result at the red end of the spectrum, but 
hitherto without result ; and it has been considered improbable that a change of period 
can occur which should raise the refrangibility of the light or heat. Such a change, I 


* The general agreement, in point of colour between a liquid and its vapour, favourothe idea that the period, 
at all events in the great znajoritj of cases, remains constant when the state of aggregation is changed. 

t From the opamty of water to the radiation from aqueous vapour, we maj infer the (^dty of aqueous 
vapour to the radiation from water, and hence conclude that the very act of nocturnal refrigeration which 
causes the condensation of water on the earth's surface g^ves to terrestrial radiation that particular character 
which renders it most liable to be intercepted by the aqueous vapour of the air. 
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believe, occurs when we plunge a platinum wire into a hydrogen-flame. The platinum 
is rendered white by the collision of molecules whose periods of oscillation are in- . 
competent to excite vision. There is in this common experiment an actual breaking 
up of the long periods into short ones—a true rendering of unvisual periods visual. 
The change of refirangibility differs from that of Professor Stokes, firstly, in its being in 
the opposite direction — that is, from low to high ; and secondly, in the circumstance that 
the platinum is heated by the collision of the molecules of aqueous vapour, and before 
their heat has assumed the radiant form. But it cannot be doubted that the same 
effect would be produced by radiant heat of the same period, provided the motion of the 
ether could be raised to a sufficient intensity. The effect in principle is the same, whe- 
ther we consider the platinum wire to be struck by a particle of aqueous vapour oscil- 
lating at a certain rate, or by a particle of ether oscillating at the same rate. And 
thus, I ima^e, by a chain of rigid reasoning, we arrive at the conclusion that a degree 
of incandescence, equal to that of the sun itself, might be produced by the impact of 
waves, of themselves incompetent to excite vision*. 

The change of quality produced in the radiation by the introduction of a platinum 
spiral into a hydrogen-flame is illustrated by a series of experiments, executed for me by 
my assistant, Mr. Barrett, and inserted subsequently to the presentation of this memoir. 

Table XXXIX. a . — Radiation through Liquids. Sources : 1. hydrogen-flame ; 

2. hydrogen-flame and platinum spiral. 

Transmission. 

. . f ; \ 

Nome of liquid. Thickness of liquid 0’04 inch. Thickness of liquid 0-07 inch. 

Flame only. flame and spinil. Flame only. Flame and spiral 


Bisulphide of Carbon . 

. 77-7 

87*2 

70-4 

seo 

Chloroform .... 

. 54*0 

72-8 

50-7 

69-0 

Iodide of Methyl . . 

. 31-6 

42-4 

26-2 

36*2 

Iodide of Ethyl . . . 

. 30-3 

36*8 

24-2 

32*6 

Benzol 

. 241 

32-6 

17-9 

28-8 

Amylene 

. 14-9 

26-8 

12-4' 

24-3 

Sulphuric Ether . . . 

. 131 

22-6 

8-1 

22-0 

Acetic Ether .... 

. 101 

18-3 

6-6 

18-5 

Alcohol 

. 9-4 

14-7 

6-8 

12-3 

Water 

. 3-2 

7-6 

2-0 

6*4 


Here the introduction of the platinum spiral changed the periods of the flame into 
others more in discord with the periods of the liquid-molecules, and hence the more 

* Some time after this was written I learned that Dr. Airm had previously inferred, from the paucity of 
luminous and extra- violet rays in the hydrogen-flame, that its periods must bo extra-rod. And he deduced from 
this that the heating of a platinumwire in a hydrogen-flame must consist of a change of period. A very inter- 
esting communication from Dr. Akin on this and kindred subjects, will be found in the * Reader * for the 26th 
of September 1863.— -April 6th, 1864. 


3c2 
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copious transmission when the spiral was employed. It will be seen that a transmission 
of 2 per cent, is here obtained through a layer of water 0*07 of an inch in thickness. 

Another series of experiments, also executed by my assistant, gave the following 
results of the radiation of a hydrogen*flame through layers of water of five different 
thicknesses : — 

Eadiation through Water. Source, hydrogen-flame. 

Thickness of liquid. 

f ^ 

0-02 inch. 0*04 inch. 0-07 inch. 0*14 inch. 0’27inch. 

Transmission per 100 . . . 5’8 2*8 IT 0*5 O'O 

Wishing to compare the radiation from a flame of ordinary coal-gas with that of our 
hydrogen-flame, I reduced the former to the dimensions of the latter. The flame thus 
diminished, had a blue base and bright top, and the whole of it was permitted to radiate 
through our series of liquid.s. The following results were obtained - 

Table XL. — Radiation through Liquids. Source, small gas-flame. Thickness of 

liquid layer 0*07 of an inch. 


Name of liquid. Deflection. Absorption. From Table XXXIX. 

Chloroform 28*7 39*8 49*3 

Bisulphide of Carbon . . . 36*0 53*2 27*7 

Iodide of Ethyl 41*7 72*3 75*6 

Benzol 43*4 79-4 82*3 

Amylene 45*0 86*1 87*9 

Sulphuric Ether 46*6 93*3 92*6 

Formic Ether 46*6 93-3 93*6 

Alcohol 46*8 94*1 

Acetic Ether 46*9 94*4 93*9 

Water 47*4 97*1 100*0 

Total heat ....... 48*0 100*0 


I have placed the results obtained with the hydrogen-flame in the third column of 
figures. For some of the liquids it will be observed that the absorption of the heat 
issuing from the small gas-flame is nearly the same as that of the heat issuing from the 
flame of hydrogen. A very remarkable difference, however, shows itself in the deport- 
ment of bisulphide of carbon, as compared with that of chloroform. For the small gas- 
flame chloroform is the most transparent body in the list; it is markedly more transpa- 
rent than the bisulphide of carbon, while for the hydrogen-flame the bisulphide greatly 
excels the chloroform in transparency. The large luminous gas-flame previously experi- 
mented with differs also from the small one here employed. With the large flame, the 
absorption by the bisulphide is to that by the chloroform as 

100:121, 
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while with the small flame the absorptions of the same two substances stand to each 
other in the ratio of 

100:76. 

Numerous experiments were subsequently made, with a view of testing this result, but 
in all cases the bisulphide was found more opaque than the chloroform to the radiation 
of the small gas-flame. The same result was obtained when a very small oil-flame was 
employed ; and it came out in a very decided manner when the source of heat was a 
flame of bisulphide of carbon. It was found moreover that^ whenever two liquids under^ 
went a change of position of this kind, the vapours of tJw liquids underwent a similar 
change ; in its finest gradations, the deportment of the liquid was imitated by that of 
its vapour. 

§ 12 . 

And here we find ourselves in a position to offer solutions of various facts which have 
hitherto stood as enigmas in researches upon radiant heat. It was for a time generally 
supposed that the power of heat to penetrate diathermic substances augmented as the 
temperature of the source of heat became more elevated. Knoblauch contended against 
this notion, showing that the heat emitted by a platinum wire plunged into an alcohol 
flame was less absorbed by certain diathermic screens than the heat of the flame itself, 
and justly arguing that the temperature of the spiral could not be higher than that of 
the body from which it derived its heat. A plate of glass being introduced between his 
source and his thermo-electric pile, the deflection of his needle fell from 35° to 19® 
when the source was the platinum spiral; while, when the source was the flame of 
alcohol, when the glass was introduced the deflection fell from 35° to 16®, proving 
that the radiation from the flame was intercepted more powerfully than that from the 
spiral — showing, in other words, that the heat emanating from the body of highest 
temperature possessed the least penetrative power. Melloni afterwards corroborated 
this experiment. 

Transparent glass allows the rays of the visible spectrum to pass freely through it ; 
but it is well known to be highly opaque to the radiation from obscure sources — in other 
words, to waves of long period. A plate 2*6 millimetres thick intercepts all the rays 
from a source of 100® C., and allows only 6 per cent, of the heat emitted by copper 
raised to 400® C. to pass through it*. Now the products of the combustion of alcohol 
are aqueous vapour and carbonic acid, whose waves have been proved to be of slow 
period, and hence of that particular character which are most powerfully intercepted by 
glass ; but by plunging a platinum wire into such a flame, we virtually convert its heat 
into heat of higher refrangibility ; we break up the long periods into shorter ones, and 
thus establish the discord between the periods of the source and the periods of the dia- 
thermic glass, which, as before defined, is the physical cause of the transparency. On 
purely a priori grounds, therefore, we might infer that the introduction of the platinum 


• Melloni. 
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spiral would augment the penetrative power of the heat through the glass. Melloni, 
with two plates of glass of different thicknesses, found the following transmissions for 
the flame and the spiral : — 

For the flame. For the platinum. 

41-2 52-8 

6-7 26*2 

The same remarks apply to the transparent selenite examined by Melloni. This sub- 
stance is highly opaque to the extra-red undulations ; but the radiation from an alcohol 
flame is almost wholly extra-red, and hence the opacity of the selenite to this radiation. 
The introduction of the platinum spiral shortens the periods and augments the trans- 
mission. Thus, with two specimens of selenite, of different thicknesses, Melloni found 
the transmission to be as follows : — 

Flame. Platinum. 

' 4-4 19-5 

1-7 3*5 

So far the results of Melloni correspond with those of M. Knoblauch ; but the Italian 
philosopher pursues the matter further, and shows that M. Knoblauch’s results, though 
true for the particular substances examined by him, are far from being applicable to 
diathermic media generally. Melloni shows that in the case of hla^lc glass and Hack 
mica, a striking inversion of the effect, is observed ; that is to say, that through these 
substances the radiation from the flame is more copiously transmitted than the radiation 
from the platinum spiral. For two pieces of black glass of different thicknesses, he 
found the following transmissions : — 

From the flame. From the platinum. 

62-6 42-8 

29-9 27-1 


And for two plates of black mica the following transmissions were found - 


From the flame. 
62-8 
43-3 


From the platinum. 

52*5 

28-9 


These results were left unexplained by Melloni ; but the solution is now easy. The 
black glass and the black mica owe their blackness to the carbon incorporated in 
them, and the blackness of this substance, as already remarked, proves the accord of its 
vibrating periods with those of the visible spectrum. But it has been proved that 
carbon is in a considerable degree pervious to the waves of long period — that is to 
say, to such waves as are emitted by a flame of alcohol. The case of the carbon is there- 
fore precisely antithetical to that of the transparent glass — the former transmitting the 
heat of long period most freely, and the latter transmitting the heat of short period 
most freely. Hence it follows that the introduction of the platinum wire, by converting ^ 
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the long periods of the flame into short ones, augments the transmission through the 
transparent glass and selenite, and diminishes it through the black glass and the black 
mica. 

§ 13. 

Lampblack, as already stated, is in accord with the undulations of the visible spec- 
trum ; it absorbs them all ; but it is partially transparent to the waves of slow period. 
As, therefbre, the waves issuing from a flame of hydrogen have been proved to be of 
slow period, we may with probability infer that its radiation will penetrate the lamp- 
black. A plate of rock-salt was placed over an oil-lamp until the layer of soot deposited 
on it was sufficient to intercept the light of the brightest gas-fiame. The smoked plate 
was introduced in the path of the rays from the hydrogen-flame, and its absorption was 
measured; the plate was then cleansed, and its absorption again determined. The 
difference of both gave the absorption of the layer of lampblack. The results were as 
follows: — 

Table XLI, 

Deflection. Absorption. 

Smoked rock-salt . . 44*2 82*7 

Unsmoked plate . . 15*8 24*0 

The difference between these gives us the absorption of the lampblack ; it is 58’7 per 
cent. ; and this corresponds to a transmission of 

41-3 

per cent, of the radiation from the hydrogen-flame. 

Iodine, in a solution sufficiently opaque to cut off the light of our most brilliant 
lamps, transmitted of the heat of the hydrogen-flame 

99 per cent. 

In experimenting on liquids with heat of slow period, I noticed that the introduction 
of the empty rock-salt cell caused the needle to move through a much larger arc than 
when the source was a luminous one. This suggested to me that a greater proportion 
of the heat of slow period was absorbed ‘by the rock-salt. I made a few experiments to 
test the diathermancy of the salt, with the following results : — 

For the heat of a hydrogen-flame, the transmission through a perfectly transparent 
plate of rock-salt was 

82*3 per cent. 

For a spiral of platinum wire heated to whiteness by an electric current, the trans- 
mission was 

87 per cent. 

For the same spiral lowered to bright redness, the transmission was 

84*4 per cent. 



366 PROFESSOE TYNDALL’S CONTRIBUTIONS TO MOLECULAR PHYSICS. 

For the same spiral lowered to moderate redness, the transmission was 

83*6 per cent. 

Nothing was changed in these experiments but the heat of the spiral ; the direction 
of the rays, and the size of the radiating body, remained throughout the same ; still we 
find a gradually augmenting opacity on the part of th(i rock-salt as the temperature of 
the source is lowered. There cannot, I think, be a doubt that MM. De la Peovostayk 
and Desains are right in their conclusion that rock-salt acts differently on difierent calo- 
rific rays, and is not, as Melloni supposed, equally transparent to all. For the heat of 
the hydrogen-flame it is more opaque than for that of the moderately red spiral. 

^ 14. 

Tliis memoir ought perhaps to end here ; I would, however, ask permission to make 
a few additional remarks on a subject which was briefly touched upon towards the con- 
clusion of the first of this series of memoirs. I make these remarks with difiidence, for 
I have reason to know that autliorities for whom I entertain the highest respect do not 
share my views regai'ding the connexion which subsists between the radiation and con- 
duction of heat. 

Let us suppose heat to be communicated to the superficial stratum of the molecules 
of any body ; say, the molecules at the extremity of a metal bar. They vibrate, and 
the motion communicated by them to the external ether is dispatched in waves through 
space. The vibrating superficial molecules must also set in motion the ether within the 
body, and a portion of this motion will be transferred to the stratum of molecules next 
adjacent to the superficial ones, heat as a consequence appearing to penetrate the mass. 
But irrespective of the ether, the molecules of the body occupy positions which arc deter- 
mined by their attractive and repulsive forces ; so that if any one molecule be forcibly 
moved from its position of equilibrium, it will of necessity disturb its neighbours. In 
a system of molecules so related, it is manifest that motion could be transmitted inde- 
pendently of the ether which surrounds them. If we could imagine the ether entirely 
away, the motion that we call heat would still be propagated from molecule to molecule 
through such a body. Conduction would manifest itself, while radiation would be absent 
through want of a medium. 

In matter, however, as w e have it, molecular motion is only in part transmitted imme- 
diately from molecule to molecule, being in part transmitted mediately by the ether. 
Now the quantity of motion transmitted by the ether to our second stratum of mole- 
cules cannot be the whole of that which the first or superficial stratum imparted to the 
e’ther. The ether must retard and indeed squander the internal molecular motion; 
and were the medium absent — were the cushion removed which interferes with the 
direct propagation of motion from molecule to molecule-conduction would be freer 
than at present; the heat would penetrate further into the mass than when the ether 
intervenes. 
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The reaBoning just employed leads to the inference that those molecules which expe- 
rience most resistance from the ether, must be the least competent to transfer the motion 
of heat from on^e to the other. The direct power of communication is enfeebled by the 
ether, and the motion obtained indirectly cannot make good the loss. We are thus led 
to the conclusion that the best radiators ought to prove themselves the worst con- 
ductors. 

A broad consideration of the subject shows that the conclusion is in general harmony 
with observed facts. Organic substances are all exceedingly imperfect conductors of 
heat, and they are all excellent radiators. The moment we pass from the metals to 
their compounds we pass from a series of good conductors to bad ones, and from a series 
of bad radiators to good ones*. 

In the earlier memoirs of MM. De le Provostate and DESAiNsf, and in that of MM. 
Wiedemann and Franz, I find the following facts : — The radiative power of platinum is 
five times that of silver ; its conductive power is one-tenth that of silver. Platinum has 
more than*twice the radiative power of gold; it has only one-seventh of the conducting- 
power. Zinc and tin are almost equal as conductors, and they are also nearly equal as 
radiators. Silver has about six times the conductive power of zinc and tin ; it has only 
one-fourth of their radiative powers. Brass possesses but one-half the radiative energy 
of platinum; it possesses more than twice its conductivity. Other experiments of 
MM. De la Provostate and DesainsJ confirm those hitherto referred to. Taking the 
absorbent power, as determined by these excellent experimenters, to express the radiating 
power, and multiplying their results by a common factor to facilitate comparison 

♦ And we also pass, as a general rule, from a series of bodies which vibrate in accord with the visible spec- 
trum to a series which vibrate in discord with the spectrum. The lowering of the rate of vibration is a con- 
sequence of chemical union. The comparative incompetence of compound bodies to oscillate in 'Hsual periods 
has incessantly declared itself in these researches. I would here refer to a most interesting illustration of the 
same kind, derived from the experiments of MM. De la Fkovostatb and Desahts. These distinguished experi- 
menters were the first to record the important fact that the qualities of heat emitted by bodies at tho same tem- 
perature may be very unlike. Two experiments illustrate this fact. The first is recorded in the Comptos Bendus, 
Tol. xxxiv. p. 951. One half of a cube was coated with lampblack, and the other half with cinnabar. The cube 
being filled with oil at a temperature of 173** C., it was found that the emission from the cinnabar was more 
copiously absorbed by a plate of glass than that from the lampblack. In the second experiment, they found that, 
while 39 per cent, of the radiation firom a bright surface of platinum was transmitted by a plate of glass, only 
29 per cent, of the radiation fiom the opposite surfiuie of tho same plate, which was coated with borate of lead, 
was transmitted. These results are quite in harmony with the views which I have ventured to enunciate. Wo 
may infer from them that the heat emitted by the respective compotmds — ^the cinnabar and the borate of lead — 
is of slower period than that emitted by tho dements ; for experiment proves that as the periods are quickened 
the glass becomes more transparent. At a temperature of 100** C., moreover, the emission from borate of lead 
was found equal to that from lampblack (Comptes Bendus, vol. xxxviii. p. 442), while at a temperature of 550° 0. 
it had only three-fourths of the emissive power of the lampblack. With reference to the theoretic views which 
those researches are intended to foreshadow, the results of MM. Dx la Psovostatx and Desahts are of the highest 
interest. 

t Comptes Bendus, 1846, vol. xriy p. 1139. t Annales de Chimie, 1850, vol. xxx. p. 442. 
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t 


with those of MM. WiBDBimni and Franz on comdnctkm, we obtain the foUowmg 
Table:— 


Table XLU. — Comparison of Conduction and Badiationi 


Name of metaL 

ConduotiozL 

Badiaition. 

Silver .... 

100 

11 

Gold .... 

53 

27 

Brass .... 

24 

42 

Tin 

15 

90 

Platinum . . . 

8 

100 


We here find that, as the power of conduction diminishes, the power of radiation 
augments — a result, 1 think, completely in harmony with that to which a consideration 
of the molecular mechanism leads us. There is but one serious exception known to me 
to the law here indicated ; this is copper, which MM. De la Pboyostate and Desains 
place higher than gold as a radiator, though it is also higher as a conductdi. When, 
however, the immense change in radiative power which the slightest film of oxide can 
produce, and the liability of heated copper to contract such a film, are taken into account, 
the apparent exception will not have too much weight ascribed to it. I have had a 
cube of brass coated elcctrolytically with copper, silver, and gold ; and, of all its faces, 
that coated with copper has the least emissive power. This is probably due to some 
slight impurity contracted by the silver. What we know of the deportment of minerals 
also illustrates the law. Itock>salt I find to be a far better conductor than glass, while 
MM. De la Peovostayb and Desains find the relative emissive powers of the two 
substances to be as 17 to 6 : the radiant power of the salt is little more than one-third 
that of the glass. So also with regard to alum : as a conductor it is iiimensely behind 
rock-salt ; as a radiator it is immensely in advance of it. 


Royal Institution^ March 1864. 
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X. On PUme Water-IAnea in two IHmensions, By Wiluam John Macquorn Eankinb, 
C.E.y LL.D., F.R.83, L^&E.^ Amciate of the InsUtutim of Naval Architects^ &c. 


Beoeived July 28, — ^Read November 26, 1868. 


Section I. — Introduction^ and Summary ofh/mon Principles. 

(1.) PUme Water^IA/Ms in two IHvnmsions defined .— the tenn “ Plane WateivLine in 
two Dimensions ” is meant a curve which a particle of liquid describes in flowing; past 
a solid body, when such flow takes place in plane layers of uniform thickness. Such 
curves are suitable in practice for the water-lines of a ship, in those cases in which the 
vertical dis{)lacements of the particles of water are small compared with the dimensions 
of the ship ; for in such cases the assumption that the flow takes place in plane layers 
of uniform thickness, though not absolutely true, is sufficiently near the truth for prac- 
tical purposes, so far as the determination of good forms of water-line is concerned. As 
water-line curves have at present no single word to designate them in mathematical 
language, it is proposed, as a convenient and significant term, to call them Necnds {ftovo 
vrioc, the Ionic genitive of vavc). 

(2.) General Principles of the Flow of a Liquid poet a Solid . — The most complete 
exposition yet published, so far as 1 know, of the principles of the flow of a liquid past 
a solid, is contained in Professor Stokes’s paper “ On the Steady Motion of an Incom- 
pressible fluid,” ^blished in the Transactions of the Cambridge Philosophical Society 
for 1842. So far as those principles wdll be referred to in the present paper, they may 
be summed up as followa 

When a liquid mass of indefinite extent flows past a solid body in such a manner that 
as the distance from the solid body in any direction increases without limit, the motion 
of the liquid particles approaches continually to uniformity in velocity and direction, 
the condition of perfect fluidity requires that the three components u, v, w of the velo- 
city of a liquid particle should be the three difierential coefficients of one function of the 
coordinates (p) ; viz. 


u= 






and ^e condition of constant density requires that the said function should fulfil the • 
following condition. 



By giving to the frmetieii ^ n series ef cHflSnient constant values, a series of smffioes are 
represented, to which each water-line curve is an orthogonal trajectory, so tiiat if ITss: 
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constant be the equation of a series of surfaces each containing a continuous series of 
water-line curves (and one of which surfaces must be that of the solid body), the function 
U must satisfy the following condition, 


^ I ^ ^—0* 

dx ‘ dy ’ dz ’ dz ' ’ * ’ * * * .* 


or if be an elementary arc of a water-line curve, and a/, y, 2 / its coordinates, the 
following conditions must be satisfied, 


daf di/ ds^ dp dp dp 
dd'dP‘d?--d^'di’d^> 



and these are the most general expressions of the geometrical properties of water-line 
curves in three dimensions. 

When the inquiry is restricted to motion in two dimensions only, or and y, the terms 
containing dz and dz* disappear from the preceding equations; and it also becomes 
possible to express the same conditions by means of equations of a kind which are more 
convenient for the purposes of the present investigation, and which are as follows. 
Conceive the plane layer of liquid under consideration of thickness unity, to be divided 
into a series of elementary streams by a series of water-line curves, one of which must 
be the outline of the solid body; let U= constant be the equation of any one of those 
curves, U being a function of such a nature that dU is the volume of liquid which flows 
in a second along a given elementary strejun ; then the components of the velocity of a 
particle of liquid are 

d[\] rfU 



the condition of continuity is satisfied ; and the condition of perfieol fluidity requires 
that the function U should fulfil the following equation, 


dx* + dy* 


= 0 , 



(When the motion of the liquid is not subject to the condition of being uniform in 
velocity and direction at an infinite distance in every direction from the solid, it is 
sufiSdent that 

d»U,d*U - -tt 

Action of U ; 


but cases of that kind do not occur in the present paper*.) 

(3.) Notation . — It is purely a question of convenience whether the infinitely distant 
paxticles of the fluid are to be regarded as fixed and the solid as moving uniformly, or 

* Professor WiLLUx Thoxsoit, in 1868, completed en myestigsti<m of the motion of a solid throng a petfsot 
liquid, so as to obtain eq^ressions for the motion of the solid itself, invcdving twenty-one constants depending 
on the figure and mass of the solid and the density of the liquid; but as that investigafion, thouj^ on the eve 
of publication, has not yet been publuhed, 1 dudl not here refer to it ftuther. 
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the solid as fixed, and the infinitely distant particles of the fluid as moving uniformly 
with an equal speed in the contrary direction. Throughout the present paper, the soHd 
will be supposed to move along the axis of a? ; so that t; will represent the transverse com- 
ponent of the velocity of a particle of liquid on either supposition. The longitudinal 
component of the velocity of a liquid particle relatively to the solid will be denoted by w; 
and when that particle is at an infinite distance from the solid, by c ; so that when the 
infinitely distant part of the liquid is regarded as fixed, the solid is to be conceived as 
moving with the velocity •— c; and the longitudinal component of the velocity of a 
liquid particle relatively to the indefinitely distant part of the liquid will be denoted by 
u^c. 


It is convenient to regard 
following kind, 


the function U as equivalent to an expression of the 
V=bc, (7) 


c being the uniform velocity of flow at an infinite distance, and b what the value of y 
would be for the water-line under consideration if the solid were removed ; in which 
case that line would become a straight line parallel to the axis of x. This enables us 
to substitute for equations (5) and (6) the following, in which proportionate velocities 
only are considered 

( 8 ) 


U 

c‘ 




V 

c' 


db 

'dx 


m 

dy 


d^h 

'dx^- 


s+^=o. 


( 9 ) 


(4.) General Characteristics of Water-Line Functions . — Since at an infinite distance 
&om the solid body we have V£=0, it follows that, if the origin of coordinates be 
taken in or neajithe solid body, b must be a function of such a kind that, when either 


iP=oo , or y=oo , 

bssy. 


Hence in a great number of cases that function is of the form 

b=y+¥(x*y); . (10) 

where F is a function which either vanishes or becomes constant when x ox y increases 
indefinitely. 

It is plain that when the frmction b takes this form, the term F is the function for 
the motions of the liquid particles relatively to still water; that is to say, 


u~^e _db .. __dF ^ M £P 

c “^dy'^ dy * 



and also that the term F fulfils the equation 
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When the aoUd ie ifaBiietiicBl at either side of the aads of jt (as k is m all the cases 
that will be coasideiad hi this paper), the axis of # itsd^ so fur as it lies beyimd Ihe 
outline of the sdid, is a water-line. Hence it is necessary that the equation of that 
axis, Txz. 

y=0, 


should he >one of the solutions of the equation 

J=:y+F(a?, y)=0, 


(13) 


and consequently that F should vanish with y. 

The vanishing of F when y=oo , indicates that every straight line given by the equa- 
tion y=h either forms part of, or is an asymptote to, a water-line curve. 

The vanishing of F when r=oo , indicates that the further the water-lines are from 
the generating solid, the more nearly they approximate to parallel straight lines. 

Every water-line curve is itself* the outline of a solid capable of moving smoothly 
through a Uquid. 

(5.) Water-Line Curves generated hy a Circle, or Cyclogenous Neotds . — Conceive that 
a circular cylinder of indehnitc height, and of the radius I, described about the axis of 
z, moves through the liquid along the axis of sc. Then it is already known that the 
general equation of the water-line curves is the following, 

( 1 ^) 

giving a series of curves of the third order. When ^=0 this equation resolves itself 
into two, viz. 

y=0; 


thfi first of which represents the axis of sc, and the second the circular outline of the 
• 

cylinder. For each other value of b, equation (14) represents a curve having two 
branches : one of them is an oval, contained within the circle, and not relevant to the 
problem in question ; the other, being the real water-line, is convex in the middle and 
concave towards the ends, and has for an qsymptote in both directions the straight line 
y=sh. 

For brevity’s sake, let sc*+y*=r^. Then the component velocities of a particle qf water 
relative^ to the solid are given by the equations 

c dy r* ' r* * 

® 2Pay 

c~“'“dx r* * 

and the square of their resultant by the equation 

( 16 ) 

while the component and resultant velocities relatively to Ml wc^er are given by the 
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foUowing eqnatioiit:-- 

As a convenient name for water-line curves of this sort, it is proposed to call them 
endogenous Neoids^ that is, shipshape curves generated from a circle. 

The water-line surfaces generated by a sphere are known ; but no use wUl be made 
of them in this paper. (See paper by Dr. Hoppe, Quart. Joum. Math., March 1356.) 

Sbctiob" II. — Properties of Water-line Curves generated from OvalSi or Oogmms NecUds, 

(6.) Derivation of other Water-Line Curves from endogenous Neends. — ^When a form 
of the function F has been found which satisfies equation (12) of art. 4 (that is to say, 
which fulfils the condition of liquidity), an endless variety of other forms of that function 
possessing the same property may be derived from the original form by differentiation 
and integration. 

The original form, and also the derived forms, must possess the properties of vanish- 
ing for a?=oo and for y=oo , and of becoming ==0 or a constant for y=0. The first of 
those properties excludes trigonometrical functions, and consequently exponential func- 
tions also, which are always accompanied by trigonometrical functions, and leaves avail- 
able functions 6f the nature of potentials. The second property excludes derivation by 
means of differentiation and integration with respect to g, and leaves available differen- 
tiation and integration with respect to a. 

The original form of the function F which will be used in this paper is that appro- 
priate to cyclogenous neoids, or water-line curves generated from a circle, as given in 
equation (14) of art. 5, viz. — 

. F=:-%X constant. 

r* 

"When one or more differentiations with respect to a are performed on this ftinction, and 
the results substituted for F in equation (10), there are obtained curves which are real 
water-lines, but which are not suitable for the figures of ships, some of them being lemnis- 
cates, others shaped like an hour-glass, and others looped and foliated in various ways. 
It is otherwise as regards integration with respect to a;; for that operation, being performed 
once, gives the expression for the ordinate in a class of curves all of which resemble 
possible forms of ships, and which are so various in their proportions, that every form of 
ships’ water-lines which has been found to succeed in practice may be closely imitated by 
means of them. As that class of curves consists of certain ovals, and of other water-lines 
generated from those ovals, it is proposed to call them Oogenous Needds, (from 'Qoyevnc). 

(7.) General Equation of Oogenous The integration with respect to jt, already 

referred to, is performed as follows : — ^The coordinates of a particle of water being d? and 
y, let d denote the position of a moveable point in the axis of »: then the function to 
be integrated is 


e a e ***** V '4 
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for all values of a/ between two arbitrary limits. Let 2a denote the distance between 
those limits: the most convenient position for the origin of coordinates is midway 
between them, so as to mahe the limits 


a/=+o, a respectively. 
Then the following is the integral sought : 


i 






^ . fl— a? . , , a+a? 

h tan"* . 

y y 


“ ““ y (18) 

This quantity evidently denotes the angle contained between two lines drawn from the 
point (x, y) to the pcnnts (+a, 0) and (—a, 0). For brevity’s sake, in the sequel that 
angle will be occasionally denoted by 6; the points (+o, 0) and (—a, 0) will be called 
the foci; and their distance a from the centre will be called the excentricity. 

Substituting this .integral in the general equation (10), we find, for the water-line 
curves now under consideration, the following equation, which is the general equation 
of obgenms nedids : — 

(19) 


+ tan- 


The coefiicient/ denotes an arbitrary length, which will be called the parameter, 

(8.) Geometrical Meaning of that Eguation . — ^The equation (19) represents a curve at 
each point of which the excess (y—b) of the ordinate (y) above a certain minimum 
value (b) is proportional to the angle (fi) contained at that point between two straight 
lines drawn to the two foci. Except when &=0, the curve has an asymptote at the 
distance b from the axis of and paiallel to that axis. Since the value of b is not 
altered by reversing the signs of a?, and is only changed from positive to negative by 
reversing the sign of y, it follows that each curve consists of two halves, symmetrical 
almut the axis of y ; and that there are pairs of curves, symmetrical about the axis of a?. 

In Plate VIII. fig. 1, therefore, which represents a series of such curves, one quadrant 
only of the space round the origin or centre O is shown, the other three quadrants being 
symmetrical. A is one of the foci, at the distance OA=a from the centre ; the other 
focus, not shown in the figure, is at an equal distance from the centre in the opposite 
direction. BL is one quadrant of the primitive oval ; and the wave-like curves outside 
of it are a series of water-lines generated from it, having for their respective asymptotes 
the series of straight lines parallel to OX, and whose distances from OX are a series 
of values of b. 

The equation (19) embraces also a set of curves contained within the oval, and all 
traversing the ti^^o foci ; but as these curves are not suited for the forms of ships’ water- 
lines, no detailed description of them needs be given. 

(9.) Propertm of Primitive Oval Neoids . — ^When in equation (19) b is made =0, so 
that the equation becomes 

( 20 ) 

there are two solutions; one of which, viz. ysO, represents the axis of dr, agreeably to 
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the condition stated in article 4, equations (18). The other solution represents the 
oval LB. 

The greater semiaxis of that oval, OL, will be cdled the haae of the series of water- 
lines generated by the oval, and denoted by ^ ; its value is found as follows : 




=1 




but at the point L we have 
and therefore 

whence 


!t^l\ y=0; ^=0; 
/•=«*+ 2«/’, . . . 


( 21 ) 


To find the parameter f when the base I and excentricity a are given, we have the 
formula 

/=^* (22) 


The half-breadth, or minor semiaxis of the oval, OB=yo» is the root of the following 
transcendental equation, found by making in equation (19), 

yo— 2/tan-‘^=0, (23) 

which may be otherwise written as follows : — 


tan^ — 0 

^2/ yo • 


(23a) 


When the minor semiaxis y® aiid excentricity a are given, the parameter /is found by 
the equation 

- yo . 

, a » . • . 

2 tan“' — 
yo 

and thence the base I can be computed by equation (21). 

When the base I and half-breadth y, are given, the excentricity a is found by solving 
the following transcendental equation : — 




oyo— (?—«*) tan"'‘^=0. (24 a) 

yo 

An oval neoid differs from an ellipse in being "fuller towards the ends and flatter at 
the sides ; and that difference is greater the more elongated the oval is. 

(10.) Va/rieHea of Oval NemdSt and extreme cases . — ^The excentricity a may have any 
value, from nothing to infinity; and the base I may bear to the half-breadth y, any 
proportion, from equality to infinity. When the excentricity a=0, the two foci coalesce 
with the centre 0 ; the base I becomes equal to the half-brea(ith b; the oval becomes a 
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circle of the radius l\ and the water-lines generated by it become cyclogenous neoids, 
already described in article 5. 

As the excentricity increases, the oval becomes more elongated. In Plate IX. fig. 8, 
PL is an oval whose length is to its breadth as \/3 : 1, its focus being at Aj. The onal 
BL in Plate VIII. fig. 1 is more elongated, its length being to its breadth as 17 : 6 nearly. 
When the excentricity is infinite, the centre O and the further focus go off to infinity, 
leaving only one focus. The parameter y becomes equal to the focal distance LA. The 
oval is converted into a curve bearing the same sort of analogy to a parabola that an 
oval neoid bears to an ellipse*; but instead of spreading to an infinite breadth like a 
parabola, it has a pair of asymptotes parallel to the axis of and at the distance i’*/ 
to either side of it ; and each generated water-line has two parallel asymptotes, at the 
respective distances b and b-\-vf ixom. the axis of x. The properties of these curves 
may b^ easily investigated by placing the origin of coordinates at the focus A, and sub- 
stituting, in equation (19), tan'* ^ for 6] but as Iheir figure is not suitable for ships’ 

water-lines, it is unnecessary here to discuss them in detail ; and the same may be said 
of a class of curves analogous to hyperbolas, whose equation is formed by putting — 
instead of -j- betw(?en the two terms of the right-hand member of equation (18). 

(11.) Graphic Construction of Oml and Oogenous Neoids. — For the sake of distinct- 
ness, the processes of drawing these curves are represented in two figures, — ^fig. 2 show- 
ing the preliminary, and fig. 1 the final processes (see Plate VIII.). 

The axis OY is to be divided into equal parts of any convenient length (which will 
be denoted by by in what follows), and through the divisions are to be drawn a series of 
straight lines parallel to OX. (It is convenient to print those lines from a copper-plate 
divided and ruled by machinery.) They are shown in fig. 1 only, and not in fig. 2, to 
avoid confusion. 

Suppose, now, that the problem is as follows : — The base OL and excentricity OA 
being given, it is required to construct the oval neoid and the water-lines generated by it. 

Through the focus A (Plate VIII. fig. 2) draw AD perpendicular to OX ; about O, 
with the radius OL, describe the circular arc LD, cutting AD in D ; from D draw DE 
perpendicular to OD, cutting OX in E; then (as equation (22) shows) AE will be =1^ 
the double parameter. ' * 

About A, with the radius AE=2y thus found, describe a circle cutting AD in F. 
^rhen commencing at F, lay off on that circle a series of arcs, each equal to 22ty (the 
double of the length of the equal divisions of the axis OY). Through the points of 
division of the circle draw a series of radii, AG, , AG, , cuttiii^ the axis OY in a 
series of points (some of which, from G, to G,,, are marked in fig. 2)f. (These radii 

make, with the line AD, a series of angles, ^, &c.) 

J J J 

* This curve is identical with the quadratrix of TscHiBVHAxrsBN. 

t When the parameter ia small, it is sometimes advisable to use a circle (such as a protractor) with a radius 
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Then about each of the points in the axis OY thus found, with the outer leg cf the 
compasses starting from the focus A, describe a series of circles (shown in Plate VIII. 
fig. 1) AC., AC„ AC„ &c. 

Each of those circles traverses the two foci ; and the equation of any one of them -is 

— F=/^=%, (26) 


where 6 denotes the angle made at any point of the circle by straight lines drawn to the 
two foci, and n has the series of values 1, 2, 3, &c. Since F, as explained in article 4, 
is the characteristic function for the motion of the liquid particles relatively to still water, 
it is plain that each of the circles for which F= constant is a tangent to the directions 
of motion of all the particles that it traverses. 

The paper is now covered, as in fig. 1, with a network made by a series, of straight 
lines whose equations are of the form crossed by a series of circles fvhose equa- 
tions are of the iorm f6=in6y. , 

Consequently any curve drawn like those in Plate VIII. fig. 1, diagonally through the 
comers of the quadrangles of that network, will have for its equation 


y^f6=.{v!^n)ly=b. 


and will accordingly be an oogenous neoid, having for its asymptote the line y=h. 

The primitive oval is drawn by starting from the point L,«and traversing the network 
diagonally. As many curves as are required can be drawn by the eye with great pre- 
cision, and the whole process is very rapid and easy (see Appendix). 

When the problem is with a given base and excentricity to draw an oogenous nemd 
through a given po4nt in the axis O Y, such as P, tlie process is modified as follows : — 
The axis O Y must be so divided that P shall be at a point of division. Then, up to the 
describing of the circle about A with the radius AE, the process is the same as before. 
Then join AP (Plate VIII. fig. 2), and draw Kg making the angle PA^=APO, and cut- 
ting the axis OY in a point (such as G.#) which will be the centre of the circle traversing 
A and P. Then on the circumference of the circle about A, from,^ towards F, lay off a 
series of arcs each =2Jy ; through the points of division draw radii cutting the axis OY 
in the points G g, G ,, &c., and complete *the process as before. 

(12.) Graphic Construction of Cyclogenous and Parabologenous Neodds . — When the 
excentricity vanishes and the oval becomes a circle, all the circles composing the net- 
work become tapgents to OX at the point O. They pass through the points where the 
primitive circular water-line is cut by the equidistant parallel lines. Their radii are in 
harmonic progression ; the equation of any one of them is of the form 




• (26) 


which is a larger multiple of the parameter than double, the length of the divisions being increased in the same 
proportion ; or the points on the aids OY may be laid down by of their distances from 0, calculated by 
the formula 00 m a . ootan 1 
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n having the series of values 1, 2, 3, &c . ; and its radius is given by the formula 

^ 


(26 a) 


M[hen there is but one focus, as in the infinitely long curve described in article 10, 
the network of circles is changed into a set of straight lines radiating from the focus, 
and making with AX the series of angles given by the formula * 

(27) 

(13.) Component and Remltawt Velocities of Gliding, — ^The component and resultant 
velocities vnth which the liquid particles glide along the water-lines are given by the 
following equations, in terms of the excentricity a, the parameter f and the coordi- 
nates : — 


, , fy 

c dy “*"( 0 — ar)*+y*'^(o+a:)*+^’ c dx ^ (a— 3?)*+y*'^(a+a?)*+y*^ 

^ ^ . 2f{a--x) 2/{a-i-x) 4f*a* 

c* dy*'*dx^ ' (a— af)* + y*'^(o+a:)*+y*“' {(«— af)*+y*}. {(a+*)*+y*} * 


(28) 


At the point of greatest (breadth that is, at the axis of y) these expressions take the 
following values : — 


e 


= 1 + 



P—a* ^+yj , 

a*+y““”a*+y;* 



(28 a) 


These equations are applicable to a whole series of water-lines (such as those shown in 
fig. 1), including the generating oval, and are the best suited for solving questions 
relating to such a series. 

But when one particular water-line is in question, it is sometimes more convenient to 
use another set of equations, formed from the equations (28) by the aid of the following 

substitutions, in which as before, denotes — 


{(o-*)’+y’}. {(a+x)*+y’) : 

{(a— (r)*-fy*} -f- {{a+^)’+y*}=2fl5*+2iF*-|-23f*s=4a*+4aiy cotan 
cotan 6 ; ar= v' {a*— y*-f'2ay cotan t). 


^ t t f • % A f A - A t . f /co* 2® /sin 2® 
j=l+jsm’0--.co8«8m<=l+^ ^ | 


These substitutions being made in the equations (28), give the following results : — 

* 

gosl 
2a 2a 

“= — ^ sin* ^ { a*— y»+2c^ cotan 0} sin*^ ; 

=l+(+^- ({+4»)®o» 2#-^«in 2A 


oy. 


1 -h^sin* ■— ^cos ^ sin ^ •+•'5 ^ 

c •• y 


> . . . . ( 30 ) 
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(14.) Tr(itject(yne8 of Normal IH^tacemmU and of Swiftest and Slowest Gliding, 
the “ trajectory of normal displacement ** is meant a curve traversing all the points in a 
series of water-lines at which the directions of motion of the liquid particles relatively 
to still water are perpendicular to the water-lines; or, speaking geometrically, a curve 
traversing all the points at which the circles AC„ AC„ &c. of fig. 1, Plate VIII. cut the 
^ter-lines at right angles. To find the form of that trajectory, it is sufficient to make 


U* + t)* 



(31) 


employing the values of these ratios given by the equations (28). This having been done, 
it appears, after some simple reductions, that the equation of the trajectory of normal 
displacemmt is the following, 

(32) 

being that of a rectangular hyperbola LM, fig. 1, having its vertex at L, and its centre 
at O. Hence that curve is similar for all oogenous and cyclogenous neoids whatsoever^ 
being independent of the excentricity, and is identical for all oogenous and cyclogenous 
neoids having the same base 1. 

By the “ trajectory of swiftest and slowest gliding ” is meant a curve traversing every 
point in a series of water-lines at which the velocity of gliding, \/ is a maximum 
or a minimum for the water-line on which that point is situated. To find the equation 
of that curve, it is necessary to solve the following equation, 


crf/y d* j \c ’ c ' dyj \ c* j ’ 


(33) 


the expression employed for 


tt*-f V 

" 75 “ 


3 

- being that given by the third of the equations (28). 


After a tedious but not difficult process of differentiation and reduction, which it is unne- 
cessary to give in detail, an equation is found which resolves itself into three factors, viz. 


ar=0, . (34) 

being the equation of the axis OY, and 

\/ ^+y+y±\/^H-y*=0, (36) 


being the equations of the two branches LN and LP of a curve of the fourth order. 
This curve, too, is independent of the excentricity, and therefore similar for all ooge^ 
rum and cychgenom neoids whatsoever, and identical for those having the same base 1. 
It has also the following properties: — ^The straight line joining L with P makes an 
angle of 30® with the axis OX; there are a pair of straight asymptotes through 0,« 
making angles of 30® to either side of OX ; and the two branches of the curve cut OX 
in the point L, at angles of 46®. 

(16.) Graphic Construction of those Trajectories. — ^The curves described in the pre- 
ceding article are easily and quickly constructed, with the aid of the series of equi- 
distant lines parallel to OX, as follows: — ^In fig. 2, Plate VIII., let ST be any one of 
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those lines. With the distance SL in the compasses, lay off SH on that line ; H will be 
a point in the hyperbola LM. Also from S lay off, on the axis of y, SI and SJ, each 
equal to the same distance SL. About the centre O, with the radius 01, draw a circular 
arc cutting ST in K ; this will be a point in the branch LN. About the centre O, with 
the radius OJ, draw a circular arc cutting ST in ^ ; this will be a point in the branch LP. 

(16.) Prt^erties of the Trajectory of Swiftest and Slowest Gliding. — ^The branch ilpT 
traverses a series of points of slowest gliding, where the water-lines are furthest apart ; 
the branch LP traverses a set of points of swiftest gliding, where the water-lines are 
closest together ; from O to P the axis of y traverses points of slowest gliding, and 
beyond P, points of swiftest gliding. 

Hence every complete oogenous neoid which cuts the axis of y between O and P, 
contains two points of swiftest and three of slowest gliding ; and every complete ooge- 
nous or cyclogenous neoid which cuts the axis of y at or beyond P, contains only one 
point of swiftest and two of slowest gliding. 

(17.) Water-Lines of Smoothest Gliding^ or JUssoneoids. — At the point P itself, situated 
at the distance / ’ 

OP=^- (36) 


from theacentre, two maxima and a minimum of the velocity of gliding coalesce ; and 
therefore not only the first, but the second and third differential coefficients of the 
velocity of gliding vanish ; from which it follows that the velocity of gliding changes 
more gradually on those water-lines which pass through the point P, than on any other 
class of oogenous or cyclogenous neoids. 

It is proposed therefore to call this class of water-lines lAssoneoids (from XiatrCc)- 

The oval neoid whose length is to its breadth as /\/ 3 : 1 is itself a lissoneoid ; and 
every series of water-lines generated by an oval more elongated than this contains one 
lissoneoid; for example, in the series of water-lines shown in fig. 1, the lissoneoid is 
marked PQ. 

The excentricity of the oval lissoneoid is computed by solving equation (24 a) of 
article 9, when ; and it is found to be 

o='732/, or nearly (\/3— l)/ (36 a) 


By giving the excentricity values ranging from *732^ to U there are produced a series of 
lissoneoids ranging from the oval PL in fig. 3, Plate IX., whose focus is at A# , to the 
straight line PN, whose focus coalesces with L. PQ, , PQ, , and PQ, are specimens of 
the intermediate forms, having their foci respectively at A,, A,, and A,. For a reason 
which will be explained in Section 111., those curves are not shown beyond the trajec- 
tory of slowest gliding. ^ 

The grea:t^ 9 t sipeed of gliding ^ for a lissoneoid, is found by niakingyj=^ in equation 
(28 a) of article 13 ; that is to say, 

7“3?+7» (37) 
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(18.) OrUta of the Particlee of Water. — ^The general expressions for the components 
of the velocity of a liquid particle relatively to still water have been given in equation 
(11) of article 4; and to apply those to the Case of oogenous neoids, it is only neces- 
sary to modify the equations (28) of article 13, by introducing the expression for 

^ — - instead of that for - > as follows 
& c 

u-^c (/*— o*) . (a *— v —2{P— a^)xy 

““{(0-^?)*+^*} . {(a + a;)*+y“} ’ c”" . { (a + a?)* + y«} » 

\. . (38) 




From the last of these equations it appears that the velociti/ of a 'particle relatively to 
still water is inversely as the product of its distances from the two foci. 

The only other investigation which will here be made respecting the orbit of a par- 
ticle of water, is that of the relation between its direction and curvature at a given 
point, and its ordinate y. 

It has already been explained, in article 11, that the direction of motion of a particle 
is a tangent to a circle traversing it and the two foci. The radius of that circle is 

a a 

. y—b sin * 
sin-y- 

and if <p be taken to denote the angle which the direction of the particle’s motion rela- 
tively to stiU water makes with the axis of a?, it is easily seen that 

cos^ = cos^— |sin^> (39) 


While that angle undergoes the increment dpy the particle moves through an arc of its 

d'U 

orbit whose length is ; consequently the curvature of that orbit at the arc in ques- 
tion is 


1 sin^dlp rf.cos^ /I . 1\ . . y . 2 r/*+a* . ) 

For cyclogenous neoids, we obtain the value of this expression by waking 


(40) 


sin^ 




008 ^= 1 , 


substituting P—a* for 2fa, and then making a=:0 ; the result being as follows, 

• • (40a) 

that is to say, the (nmjoture of the orhit varies as the distance of the particle frotn a line 
partMl to the axis of and midway beUeeen that axis and thx v/ndixturhed position of 
the pafHcU. This is the property of the looped or coiled elastic curve ; therefore, 'when 
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the wo!ter4ine8 are eyelogenoue^ the orbit of each particle of watei' form one loop of an 
elastic curve. 

The general appearance of such an orbit is shown in fig. 6, Plate VIII. The arrow D 
shows the direction of motion of the solid body. The dotted line AC is supposed to 
be at the distance h from the axis of r. The particle starts from A, is at first pushed 
forwards, then deviates outwards and turns backwards, moving directly against tiie 
motion of the solid body as it passes the point of greatest breadth, as shown at B. The 
particle then turns inwards, and ends by following the body, and coming to rest at C, 
in advance of its original position. 

When the water-lines are oogenous, the equations (39) and (40) show that the orbit 
is of the same general character with the looped elastic curve in fig. 6, but differs ffem 
it in detail to an extent which is greater the greater the excentricity a; and the 
difference consists mainly in a fiattening of the loop, so as to make it less sharply curved 
at B. 

When the excentricity increases without limit, the orbit approximates indefinitely to 
a “ curve of pursuit,” for which 

<p=t, i = ?!^ (40 b) 

(19.) Trajectory of Transverse Displacement. — Of Speed of Gliding equal to Speed of 
Ship, — Orthogonal Trajectories . — ^The trajectories described in this article differ from 
those described in articles 14, 16, and 16 by being dependent upon the excentricity, 
and therefore not similar for all sets of oogenous neo'ids. 

By the “ trajectory of transverse displacement” is meant the curve traversing all the 
points at which the liquid particles are moving at right angles to the axis OX, rela- 
tively to still water. It is determined from the first of the equations (28), by making 

H-1=0; 

C 

from which is easily deduced the following equation, 

a:»— (41) 

being that of a rectangular hyperbola, with its centre at O and its vertex at the focus A. 

The trajectory of the points where the speed of gliding is equal to the speed of the 
solid body, is found from the third of the equations (28), by making 

Its equation is 

,• • • • (42) 

being that of a rectangular hyperbola, with its centre at O and its vertex between A and 
L, at a distance from O equal to half the hypothenuse of a right-angled triangle whose 
other sides are equal to the base and the excentricity respectively. 

Let constant be the equation of one out of an indefinite number of orthogonal 
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trajectories to a set of oogenous neoids. The function as is well known, must satisfy 
the equation 

da db t da db 


Referring to equation (19) of article 7 for the value of it is easily seen that this con- 
dition is fulfilled by the following function, 


(,_«j.ZhvD loe (‘'+*)*+y* . 

i—x+ a “yP- {«.-«)*+/ ’ 

which has also the following properties, 

dq _^db ^ dq . d^q ^ 

dx"^ dy~^ c* dy~~’ dx c * dx^ rfy* 


• • («) 
• • (ii) 


Every orthogonal trajectory has a straight asymptote parallel to the axis of y, and 
expressed by the equation d?=2'. 

The perpendicular distance between two consecutive orthogonal trajectories, like 
that between two consecutive water4ines, is inversely proportional to the velocity of 
gliding ; hence, if a complete set of orthogonal trajectories were drawn on fig. 1, they 
would divide it into a network of small rectangles, the dimensions and area of any one 
of which would be expressed as follows ; — 

cdb cdq c*dbdq 

+ »* «* + »* 



For a series of cyclogenous neoi’ds, the equation of the orthogonal trajectories takes the 
following form, 

(46 a) 


(20.) Disturbances of Pressure and Level , — Let h denote the head at a given particle 
of liquid, being the sum of its elevation above a fixed level and of its pressure, expressed 
in units of height of the liquid itself. In a mass of liquid which is at rest, the head 
has a uniform value for every particle of the mass ; let that value be denoted by h^. 
Then when the mass of liquid is in the state of motion produced by the passage of a 
tolid through it, the head at each particle, according to well-known principles, under- 
goes the change expressed by the following equation. 


h—hf,=i 


c*— 

2y 


(46) 


being the height due to the difference between the squares of the speed of the solid body 
and of the speed of gliding ; and in an open mass of water with a vessel fioating in it, that 
change will take place by alterations ^ the level of surfaces of equal pressure. The tra- 
jectory of slowest gliding, LN (Plate VIIL fig. 1), will mark the summit of a swell thus 
produced, and so also will the axis ofy between O and’P ; while the trajectory of swiftest 
gliding OP, and the axis ofy beyond P, will mark the bottom of a hollow. These are the 
principal vertical disturbances, whi^, throughout this investigation, have been asinuned 
liDCCCLXIV. 8 F 



d84 


DB. W. J. HAOQtrOBK BANEINB OK FIiAKB WATEB-LIKB8. 


to be 60 small, compared with the dimensions of the body, as not to produce any appre*' 
dable error in the consequences of the supposition of motion in plane layers. 

(21.) Integral <m which the Frictioa <2^^d9.‘~>Suppose a portion of an oogenous 
neoid to be taken for the water-line of part of the side of a vessel, which part is of the 
depth ^ und that the resistance arising from fnction between the water and the vessel 
is to be expressed — ^the law of that friction being, that it varies as the square of the 
velocity of gliding, and as the extent of rubbing surface. 

That resistance is to be found (as already explained in a paper on Waves, published 
in the Philosophical Transactions for 1863) by determining the work performed in a 
second in overcoming fnction, and dividing by the speed of the vessel ; for thus is taken 
into account not only the direct resistance caused by the longitudinal component of the 
friction, but the resistance caused indirectly through the increase of pressure at the bow, 
and diminution of pressure at the stem, assuming the vertical disturbance to be unim- 
portant. 

Then for a part of the water-line which measures longitudinally dx^ the extent of 
surface is 

u 

the hiction on the unit of surface is 


KW(«*+»*) 

2g ’ 

where W is the weight of a unit of volume of water, and K a coefficient of friction ; 
and that friction has to be overcome through the distance while the vessel 

advances through the distance c, giving as a factor 


c 


Those three factors being multiplied together, and the result put under the sign of 
integration, give the following expression for the resistance. 


K= 


KWc« 



(46 a } 


Another form of expression for the same integral is obtained by putting ^dg or d6 

instead of -dx; and a third form by putting for the elementary area of the rubbing sur- 
face the following value, 


where dg is the distance between the asymptotes of a pair of orthogonal trajectories, as 
explained in article 19. This gives for the resistance 
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In preparing these formulee for integration, it is necessary to express the hinetbn to 
be integrated in terms of constants and of the independent variable only, 4 ?, y, 6, or y, 
as the case may be; for example, ify or #ia the independent variable, the expression 
of the function to be integrated is to be taken from the equations (30) of article 18. 

Owing to the great complexity of that function, its exact integration presents diffi- 
culties which have not yet been overcome, although a probable approximate formula 
lor the resistance has been arrived at by methods partly theoretical and partly empirical, 
as to which some further remarks will be made in the third section of this paper*. 

There is one particular case only in which the exact integration of equation (46 a) is 
easy, that of a complete circular water-line of the radius I ; and the result is as follows : — 


E= 


KWc« 

^9 


(48) 


9 

( 22 .) Statement of the General Problem of the Water-Line of least Friction. — It is 
evident that, by introducing under the sign of integration in equation (18) of article 7 
an arbitrary function of a/, the integral may be made capable of representing an arbi- 
trary ^function of x and y, and will still satisfy the condition of perfect liquidity ; and 
thus the equation 

*=»+!. 


may be made to represent an arbitrary form of primitive water-line. 

To find therefore, by the calculus of variations, the wat 8 r-line enclosing a given area 
which shall have the least friction, will require the solution of the following problem: — 
To determine the frinction 9 (^) so that, with a fixed value of the integral Joxfy, the inte- 
gral in equation (46 a) shall be a minimum. 

(22 A.) Another Class of Plane Water-IAne Equations. — A. mode of expressing the 
conditions of the fiow of water in plane layers past a solid, differing in form from that 
made use of in the preceding parts of this paper, consists in taking for independent 
variables, not the coordinates of the water-lines themselves, x and y, but the coordi- 
nates of their asymptotes (6), and of the asymptotes of their orthogonal trajectories (q). 
These new variables are connected with x and y, and with the velocity of gliding, by 
the following equations : — 


^ ^ L 

c? dv * dq“~dy * dst dag ^ 

dq^db'' 


dy dx 
dq"S5 


• - (49) 


It can be shown that in order to satisfy the condition of liquidity we must have 


a?= 


d^ 

db' 




* 8ee the C&vil l&gineer and Arohiteofia Jonnial fos October 1861, the Fhiloeo^oal Transactions for 1868; 
the Transaotions of the Institniioii of Natal Arohiteots tat 1864, and a Treatise on Shipboilding, pnbluhed in 

1864. 
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where yp denotes a function of d and g, such that 


and consequently that 


^ j_ . 


c* 

u'^+v'*'-\dbdqj 


9 


( 61 ) 

( 62 ) 


The curves to which this method of investigation leads are inferior to oogenous neo'ids 
as water-lines for ships, because they have comparatively sharp curvature amidships, 
which causes them to have small capacity for their length and breadth, and would give 
rise to comparatively sudden changes in the speed of gliding. They will therefore not 
be further discussed in the present paper, except to state that the simplest of them is 
the well-known cissoid. 


Section III. — Memar&s on the Practical Use of Oogenous Water-Lines, 

(23.) Prmom Systems of Water-IAnes, — Owing principally to the great antiquity of 
the art of shipbuilding, and the immense number of practical experiments of which it 
has been the subject, that part of it which relates to the forms of water-lines has in many 
cases attained a high degree of excellence through purely empirical means. Excellence 
attained in that manner is of an uncertain and unstable kind ; for as it does not spring 
fi:om a knowledge of general^ principles, it can be perpetuated by mere imitation only. 

The existing forms of water-lines, whose merits are known through their practical 
success, constitute one of the best tests of a mathematical theory of the subject ; for if 
that theory is a sound one, it will reproduce known good forms of water-line ; and if it is 
a comprehensive one, it will reproduce their numerous varieties, which differ very much 
from each other. 

The geometrical system of Chapman for constructing water-lines is wholly empirical ; it 
consists in the use of parabolas of various orders, chosen so as to approximate to figures 
that have been found to answer in practice, and it has no connexion with any mechanical 
theory of the motion of the particles of water. 

The first theory of ships’ water-lines which was at once practically useful, and based 
on mechanical principles, was that of Mr. Scott Russeel, explained in the first and 
second .volumes .of thq Transactions of the Institution of Naval Architects. It consists 
of two parts ; the first has reference to the dimensions of water-lines intended for a given 
maximum speed, and prescribes a certain relation between the length of those lines and 
the length of a natural wave which travels with that speed ; the second part relates tO 
the form of those lines, and prescribes for imitation the figures of certain natural waves, 
as being lines along which water is more easily displaced than along other lines. The 
figures thus obtained are known to be successful in practice ; but it is also well knp^ 
that there are other figures which answer well in practice, differing considerably &om. 
those wave-lines; and it is desirable that the mathematical theory of the subject should 
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Embrace those figures also. It may further be observed that the figure of the solitary 
wave, as investigated experimentally by Mr. Scott Russell (Reports of the British Asso* 
ciation, 1846), and mathematically by Mr. Eabnshaw (Camb. Trans. 1845), is that of a 
wave propagated in a canal of small breadth and depth as compared with the dimen- 
sions of the wave, and in which particles of water originally in a plane at right angles 
to the direction of motion continue to be very nearly in a plane at right angles to the 
direction of motion, so as to have sensibly the same longitudinal velocity. This state of 
things is so different from the circumstances of the motions of the particles in the open 
sea, that it appears desirable to investigate the subject with special reference to a mass 
of water of unlimited breadth and depth, as has been done in the previous sections of 
this paper. 

(24.) Variety of Forms of Oogenous Neoids, and their likeness to good known Forms of 
Water-Line. — ^The water-lhies generated from ovals which have been described in the 
second section of this paper, are remarkable for the great varieties of form and propor- 
tions which they present, and for the resemblance of their figures to those of the water- 
lines of the different varieties of existing vessels. There is an endless series of ovals, 
having all proportions of length to breadth, from equality to infinity ; and each of those 
ovals generates an endless series of water-lines, with all degrees of fulness or fineness, 
from the absolute blufihess of the oval itself to the sharpness of the knife-edge. Fur- 
ther variations may be made by taking a greater or a less length of the curve chosen. 

The ovals are figures suitable for vessels of low speed, it being only necessary, in 
order to. make them good water-lines, that the vertical disturbance (as explained in 
art. 20) should be small compared with the vessel’s draught of water. At higher speeds 
the sharper water-lines, more distant from the oval, become necessary. The water-lines 
generated by a circle, or “ cyclogenous neoids,” are the “ leanest ” for a given propor- 
tion of length to breadth ; and as the excentricity iucreases, the lines become “ fuller.” 
The lines generated from a very much elongated oval approximate to a straight middle 
body with more or less sharp ends. In short, there is no form of water-line that has been 
found to answer in practice which cannot be imitated by means of oogenous neoids. 

(26.) Discontinuity at the Bow and Stem. — Best limits of Water-Lines. — ^Amongst the 
endless variety of forms presented by oogenous water-lines, it may be well to consider 
whether there are any which there are reasons for preferring to the others. One of the 
questions which thus arise is the following : — Inasmuch as all the water-line curves of a 
sOries, except the primitive oval, are infinitely long and have asymptotes, there must 
.necessarily be an abrupt change of motion at either end of the limited portion of a 
curve which is used as a water-line in practice, and the question of the effect of such 
nbrupt change or discontinuity of motion is one which at present can be decided by 
observation and experiment only. Now it appears from observation and experiment, 
that th§ effect of the discontinuity of motion at the bow and stem of a vessel which has 
.an entrance and run of ordinary sharpness and not convex, extends to a very thin layer 
of water only, and that beyond a short distance from the vessel’s side the discontinuity 
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oeases, through sonie slight modifioation of the water-lines of which the mathematical 
theory is not yet adequate to give an exact account*. 

Still, although the effect of the discontinuity in increasing resistance may not yet 
have been reduced to a mathematical expression, and although it may be ^o small that 
our present methods of experimenting have not yet detected it, it must have some 
value ; and it is desirable so to select the limits of the water-line as to make that value 
as small as possible. In order that the abrupt change of motion may take place in as 
small a mass of water as possible, it would seem that the limits of the water»line 
employed in practice should be at or near the point of slowest gliding ; that is, where 
the water-line curve is cut by the trajectory of slowest gliding LN, in Plate VIII. fig. I, 
and Plate IX. fig. 3, as explained in articles 14, 15, and 16 ; and that conclusion is borne 
out by the figures of many vessels remarkable for economy of power. 

(26.) Pireferdble Figures of Water-Lines. — In forming a probable opinion as to which, 
out of all the water-lines generated by a given oval, is to be preferred to the others, 
regard is to be had to the fact, that every point of maximum disturbance of the level 
of the water, whether upwards or downwards, that is to say, every point of maximum 
or minimum speed of gliding (see article 20), forms the origin of a wave, which spreads 
out obliquely from the vessel (as may easily be observed in smooth water), and so 
transfers mechanical energy to distant particles of water, which energy is lost. Hence 
such points should be as few as possible ; and the changes of motion at them should be 
as gradual as possible ; and these conditions are fulfilled by the curves described in 
article 17, by the name of “ Lissoneoi'ds,” being those which traverse the point P in 
the figures, and which may have any proportion of length to breadth, from \/3 to 
infinity. 

(27.) Approucimate Fulesfor Construction and Cdlculatwn* — ^The description of those 
cuiwes, already given in article 17, has been confined to those properties which are 
exactly true. The following rules are convenient approximations for practical purposes, 
when tlw proportion of length to breadth is not less than 4:1 (see Plate IX. figs. 3 & 4). 

I. A tangent to the curve at Q, the point of slowest gliding, passes very nearly through 
the point P of greatest breadth. 

II. The area PQR enclosed within the water-line is very nearly equal to the rectangle 
of the breadth PR and excentricity a. (When the length is not less than six times the 
breadth, this rule is almost perfectly exact.) 

* In confirmation of this, experiments made on the steamers * Admiral * and * Lancefield/ by Mr. J. B. Na* 
PIBB and the aiathor, may be specially referred to. The water-lines of the 'Admiral * are complete trochoidB, 
and tenants to the Xongitadioal axis at the bow and stem. The engine-power required to drive her at her 
intended speed was ^mputed from the frictional resutance, according to principles eiqtlained in publicatioiui 
already refSarred to in the note to article 21 ; and the result of the calculation was closely verified by experiment. 
The water-lines of the ' Lancefield * are only partly trochoidal, being straight from the point of contraiy fiexure 
to the bow, BO that, instead of being tangents there to the longitudinal axis, they fonn with it angles of about 
18p. Yet the fonnnla which gave the resistance of the * Admind ’ has been found to give also the rerisb* 

anoe of the ' TAneafiald * without any addition on account of the discontinuity of motion at the bofw. . 



PB. W. MAOQirOBN BANKENB ON FLANB WATEB-UNBS. 


389 


III. For the trajectory of slowest glidings LN, there may be substituted, without 
practical error, a straight line cutting the axis OX ip L at an angle of 45° ; and when 
this has been done, the excentricity OA or a is almost exactly equal to the length 

and this of course is also the ratio of the area to the circumscribed rectangle. The base 
OL or I also is very nearly equal to (the sum of the length and breadth) x '634. 

IV. Hence the following approximate construction. Given, the common length QR 
of a set of water-lines of smoothest gliding which are to have a common termination at 
Q, and their breadths HP,, RP,, RPj, &c. : required, to find their areas, bases, and foci. 

Through Q and R draw the straight lines QU and RU, making the angles RQU=45“, 
QRU=30°. Through their intersection U draw UV perpendicular to RQ. All the 
required foci will be in UV ; and RV will be the length of the rectangles equivalent to 
each of the water-line areas ; so that 

area Pj QR,=:RVxRPi » 
area P, QRa=RV X RPi » 

&c. &c. 

Through P, , P,, P 3 , &c. draw lines parallel to RU, cutting QU in L, , L,, L,, &c. : these 
points will be the ends of the bases required, through which draw the bases L, O, , 
La Og , La O, , &C. parallel to QR, and cutting VU in A^ , A, , Aj , &c. : these will be 
the required foci. 

The bases and foci and the points P, , P,, P 3 , &c. being given, the water-lines are to be 
constructed by the rules given in article 11 . 

(28.) Lissonedids compared with Trochoids. — In fig. 5, Plate IX., the full line PQ is a 
lissoneoid, and the dotted line Vq a trochoid of the same breadth and area. The curves 
lie very near together throughout their whole course— the only differences being, that 
the trochoid is slightly less full and more hollow than the lissoneoid, but at the same 
time the trochoid is the longer and has a greater fnctional surface. Had the entrance 
of the trochoid consisted of a straight tangent from its point of contrary flexure (as in 
the bow of the ‘Lancefield,’ mentioned in the note to article 26), the two curves 
would have lain still closer together. The same likeness to a trochoid is found in all 
lissoneoids whose length is more than about 3^ times the breadth. 

(29.) (hnthinatims of Bow and Stem. — ^Although there is reason to believe that 
water-lines of equal length and similar form at the bow and stem, such as are produced 
by using one neo'id curve throughout, ore the best on the whole, still the naval archi- 
tect, should he think fit, can combine two different oogenous neoids for the bow and 
stem; or, according to a frequent practice, he may adapt the figure of the stem to 
motion of the particles in vertical layers instead of horizontal layers; prowded he takes 
care in every case that the midship velocity of gliding (», » as given by equation (28 a) 
of article 13) is the same for each bow water-line and stem water-line at their point of 
junction* 
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(30.) Provisional P(yrm%^ fw Mesi^ — Until the difficulty of integration, men- 
tioned in article 30, shall have been overcome, or until more exact experimental data 
than we have at present shall have been obtained, the following provisional formula,' 
analogous to that which has been found to agree with the results of experiment on 
trochoidal and nearly trochoidal lines, as well as some others, may be considered as a 
probable approximation for Hssoncoids, 

R=«7.(i+4<!^)lG; (63) 

where G is the mean girth of the vessel under water ; L her total length ; the mid- 
ship velocity of gliding, found, for a lissoneoid, by equation (37) of article 17 ; c the 
speed of the ship; W the heaviness of water; and K a coefficient of friction (= about 
*0036 for a clean surface of paint). 


Appendix. 

Note to Article 11. — ^The general process of constructing a series of curves whose 
equation is <p(a:,y)+‘4'(^iy)= constant, by drawing lines diagonally through a network 
consisting of two sets of curves whose equations are* respectively <p((r, y) = constant and 
y) = constant, is due to Professor Olebe Maxwell. 
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Contents. 

Introduction. 

Fart I. On the Joint-Systems of the co. Donegal. 

Part II. On the Joint-Systems of the Moume and Newry Mountains. 

Part III. On the Joint-Systems of Cornwall. 

Part IV. On the Joint-Systems of the co. Fermanagh. 

Port V. General Conclusions from the foregoing Observations. 

Part VI. Mechanical Theory of Rock Joints, and its comparison with the conclusions drawn in Part V. from 
observation. 


INTRODUCTION. 

In the Philosophical Transactions for 1868, 1 have given an account of the Joints of the 
Old Bed Sandstone of the co. Waterford, and demonstrated in it the existence of the 
following Systems of Joints (page 348) : — 


A . . 81 observations 

C . . 49 


A' . .136 observations 

C . . 47 


A" . . 14 observations 

C" . . 12 

A'" . . 1 observation 

C'" . . 6 observations 


First Conjugate System. 

. T 46' N. of E. (Mag.) . 
. 6°67'W. ofN. „ 

Second Conjugate System. 

. 33° 31' N. of E. (Mag.) . 
. 36° 23' W. of N. „ 

Third Conjugate System. 

. 30° 30' S. of E. (Mag.) . 
. 29° 10' E. of N. „ 

Fourth Conjugate System. 

. 10° O'S. ofE. (Mag.) 

. 9° 30' E. of N. „ 


. 32° 26' N.. of E. (True.) 

. 31° 37' W‘. of N. „ 


68° 11' N. of E. (True.) 
60° 3' W. of N. „ 


5°60'S. ofE. (True.) 
4° 30' E. of N. „ 


Since the publication of the foregoing account, I have found the system (A, C) in 
Donegal, Moume, Cornwall and elsewhere, and have reason to believe it to be the 
most important of all the joint-systems of Waterford. I shall therefore call it the 
Primary System of Conjugate Joints, and the systems (A', C) and (A", C') I shall call 

3g2 
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correlated Secondary Systems of Conjugate Joints, as I believe that they can be shown 
to be simple mechanical consequences of the Primary System (A, C). 

Neglecting for the present the system (A"', 0 '% the whole of the Joints of Water- 
ford may be represented by the following diagram (fig. 1), to which 1 shall frequently 
have occasion to refer. 

Fig. 1. 



It will be observed that the Primary System (A) divides somewhat unequally the 
angle between (A') and (A"). 


Angle between A and A' 
„ C and C' 
Angle between A and A" 
C and C' 


25 45K, . 

28 26 /**®^" = ^^ 

38 16 

gg ^ Mean = 37 11. 


Part I— ON THE JOINT-SYSTEMS OF THE CO. DONEGAL. 

The following Tables give the bearings of all the joints observed, arranged according 
to their azimuths, together with the locality, and a statement of the rock in which the 
joint was observed. In each locality several joints of the same bearing were measured, 
but only one is recorded. 


Table I. — East and West Joints in Donegal. 


No. 

Bearing. 

Dip. 

Locality. 

Bock. 

1 

e 

45 

N. of E. 

Hi 

Between Dunglow and Doocharry. 

Granite. 

2 

45 



Culdaif. 

Quartzite. 

3 

35 

ff 

HHfl 

The Mintiagha. 

99 

4 

35 

*1 

hhh 

Urrismenagh. 

Granite. 

5 

30 

90 

90 

Gweebarra, South. 

90 

6 

30 

99 


The Mintiaghs. 

Syenite. 

7 

30 

99 

HHH 

Gap of Mamore. 

Quartzite. 

8 

20 

99 

HHH 

Barneamore. 

Granite. 

9 

20 

•9 

HHIH 

Barnesbeg. 

99 

10 

15 

tl 

80 N. 

Doocharry Bridge. 

99 
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Tablb I. (continued). 


No. 

Bearing. 

Dip. 

Locality. 

Bock. j 

11 

o 

10 

N. of E. 

O 

Glenleheen. 

Granite. 

J2 

10 



Between Glenties and Gweebarra. 

9* 

13 

7 

9t 


Barnesbeg. 

99 

14 

7 

9f 


Lackagh Bridge. 

99 

16 

6 

»» 


Barnesbeg. 

99 

16 

6 



Lackagh Bridge. 

99 

17 

6 

fj 


Milford. 

Quartzite. 

18 

0 

E.W. 

90 

Annagary. 

Granite. 

19 

0 



Fanad. 

99 

20 

5 

S. of E. 


M®Swyne’s Gun. 

Syenite. 

21 

10 

99 


Barnesmore. 

Granite. 

22 

10 

99 


Malin. 

Quartzite. 

23 

10 

99 


Moville. 

Mica>slate. 

24 

10 

99 


Shalwy. 

Carb. Limestone. 

26 

10 

99 

90 

Between Dooc^arry and Fintown. 

Granite. 

26 

36 

<9 

90 

Shalwy. 

Old Red Conglomerate. 

27 

36 

99 


The Mintiaghs. 

Quartzite. 

28 

40 

»9 


The Mintiaghs. 

Syenite. 

29 

40 

99 


Barnesbeg. 

Granite. 


Table II. — North and South Joints in Donegal. . 


j No. 

Bearing. 

Dip. 

Locality. 

Book. 

1 

40 E. 

of N. 

O 

Culdaff. 

Quartzite. 

2 

30 

» 

90 

Shalwy. 

Old Red Conglomerate. 

3 

15 

99 


Meen Banad. 

Granite. 

4 

10 

99 


Shalwy. 

Carb. Limestone 

6 

10 

99 

80 E. 

Sheskiua Roan. 

Granite. 

6 

7 

99 

90 

Annagary Hill. 

99 

7 

6 

99 


M'^Swyne’s Gun. 

Syenite. 

8 

6 

99 


Glen (North). 

Granite. 

9 

5 

99 


Fanad. 

9» 

10 

6 

99 


The Mintiaghs. 

Syenite. 

11 

0 N.S. 


Barnesbeg. 

Granite. 

12 

0 , 

9 


Glen (North). 

99 

13 

0 „ 



Sheskina Roan. 

99 

14 

6 W 

.of N. 


Barnesbeg. 

99 

16 

6 

99 


Milford. 

Syenite. 

16 

6 

99 


Glenlehe6n* 

Granite. 

17 

6 

99 

90 

Lough Anure. 

99 

18 1 

7 

99 


Lackagh Bridge. 

99 

19 

10 

99 


Between Glenties and Gweebarra. 

99 

20 

10 

99 


Gweebarra (South). 

99 

21 

10 

99 

80 E. 

Doocharry Bridge. 

99 

22 

10 

99 

90 

Annagary Hill. 

99 

23 

10 

99 


Between Dunglow and Doocharry. 

99 

24 

10 

99 

90 

Between Doocharry and Fintown. 

99 

25 

10 

99 


Glen (North). 

99 

26 

10 

99 


Lackagh Bridge. 

99 

27 

10 

99 


Ards. 

Quartzite. 

28 

15 

99 


Fintown Gap. 

Gneiss. 

29 

20 

99 


Urrismenagh. 

Granite. 

30 

20 

99 


Glen (North). 

*9 

31 

22 

99 


Urrismenagh. 

99 

32 

26 

99 


Fanad. 

99 

33 

26 

99 

• • « • • • 

Barnesbeg. 

99 

34 

40 

99 


Gap of Mamore. 

Quartzite. 

35 

42 

99 


Barnesbeg. 

Granite. 
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If we arrange the 64 observations recorded in the preceding Tables according to their 
azimuths and the number of observations corresponding to each, we shall obtain the 
following : — 

Table III. — oints of Donegal, arranged according to azimuths and number 

of observations. 


Azimuth. 

No. of observatioTiB. 

42 W. of N. 

1 

40 „ 

1 

25 

2 

22 9, 

1 

20 

2 

15 „ 

1 

10 

9 

7 „ 

1 

5 „ 

4 

0 N.S. 

3 

5 E. oC N. 

4 

7 „ 

1 

10 „ 

2 

15 „ 

1 

30 „ 

1 

40 „ 

1 

45 N. of E. 

2 

35 ,, 

2 

30 „ 

3 

20 „ 

2 

15 „ 

1 

10 „ 

2 

7 „ 

2 

5 ,, 

3 

0 E.W. 

2 

5 S. of E. 

1 

10 „ 

1 

5 

35 „ 

2 

40 „ 

_2 

Total 64 

. ... 


All inspection of this Table shows that, of the 64 observations, 24 are included in the 
angle between 10® E. of N. and 10® W. of N., and that 16 are included in the angle 
between 10® N. of E. and 10® S. of E., — making a total of 39 in 64, or 61 per cent of 
the whole number of observations contained between these two limits. Dividing the N.S. 
observations equally between those that lie to the E. and W. of North, we find the 
following mean azimuths : — 

I. 7® 33' W. of N. from 16 J observations =24 per cent. 

II. 6® 32' E. of N. from 8^ observations =13 per cent 

In like manner, dividing the E.W. observations equally between those that lie! to the 
N. and S. of East, we find the following mean azimuths : — 

III. 6® 7' N. of E from 8 observations =12^ per cent. 

IV. 7® 61' S.* of E. from 7 observations =11 per cent. 
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From Table III. it also appears that between 30® and 35® North of East, there are 
five observations, whose mean is 

V. 32° 0' N. of E. from 6 observations =8 per cent. 

The accompanying diagram (fig. 2) is a graphical repre- 
sentation of Table III., and shows sufficiently well the 
five systems of joints that have been deduced from that 
Table. 

Of the joints themselves, I. and III., II. and IV. are 
evidently conjugates, being nearly at right angles respect- 
ively, while V. belongs to a system dificrent from the others. 

Adopting the notation used by me already* in my paper 
on the Joints of the co. Waterford, and comparing the results 
there obtained with those here found, we may construct the 
following Table : — 


Table IV. — Comparison of the Joints of Donegal and Waterford. 


West of Nortl^ (Magnetic). 

(A). 

North of East (Magnetic). 

(C). 

West of North (true bear- 
ingst). 

(A). 

North of East (true bear* 
ings). 

Donegal. 

Waterford. 

Donegal. 

Waterford. 

Donegal. 

Waterford. 

Donegal. 

Waterford. 

CO 

CO 

o 

6® 57' 

6® 7' 

7® 46' 

34® 13' 

31® 37' 

32® 47' 

32® 26' 

Angle of Axes = | gjo f p Waterford } N®*’***’ 

(C'")- 

East of North (Magnetic). 

(A"0. 

South of East (Magnetic). 

(C«o. 

West of North (true boar- 
ingn). 

(A'"). 

North of East (true bear- 
ings). 

Donegal. 

Waterford. 

Donegal. 

Waterford. 

Donegal. 

Waterford. 

Donegal. 

Waterford. 

6® 32' 

9° 30' 

7® 61' 

10® 0' 

21® 8' 

16® 10' 

18® 49' 

14® 40' 

Angle of Axes = { Waterford } North. 

. 

(AO. 

North of East (Magnetic). 

(AO. 

Eaat of North (true bearing^). 

Donegal. 

Waterford. 

Donegal. 

Waterford. 

32® 0' 

33® 31' 

31® 20' 

31 49' 


The agreement between the respective systems A, C and A' is very remarkable ; that 
between A'" and C", in the two localities, is perhaps as good as can be expected from the 

• Philosophical Transactions, 1868, p. 333. 

t The magnetic variation in Donegal was 26® 40' W. anddn Waterford 24® 40' W. 


Fig. 2. 
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limited number of observed planes, which was 15^ in Donegal, and only 7 in Waterford, 
where this conjugate system is very subordinate in Pig 3 

importance. 

The annexed diagram (fig. 3) shows the Donegal 
joints divided into two conjugate systems, (A, C) and 
(A'", C"), together with one plane (A') of a third 
system ; all of which are represented in the co. 

Waterford. 

Of the whole 64 joints recorded, 44, or 69 per cent., 
are involved in these five planes ; and the number of 
observations belonging to each is placed beside its 
designation in the diagram. 

If we combine together the systems (A, A'”) and 
(C, C"), we obtain the following as the most simple 
combination of joints observable in Donegal. 

No. of observations. Magnetic bearing. True bearing. 

I. Primary System (A— A") . . 15 . . 0" 24 ! S. of E. 26" 16' N*. of E. 

II. Conjugate Primary (C— C") . 24 . . 2" 65' W. of N. 29" 35' W. of N. 

III. Secondary System (A') ... 5 . . 32" 0' N. of E. 58" 48' N. of E. 

The angle between the Primary System and its Conjugate (A, C) is therefore found 
to be 93" 19'. 

And the angle between the Primary and Secondary Systems (A, A') is 32" 24'. 

The angle between (A, C) and (A', C) in the co. Waterford has been already stated 
to be 27" 6'. 



Pabt II.— on THE JOINT-SYSTEMS OF THE MOURNE AND NEWRY MOUNTAINS. 

The following Tables contain the observed joint-planes of the Moume and Newry 
mountain district. 


Table V. — ^North and South Joints of the Moume and Newry Mountains. 



Bearing. 

Dip. 

Locality. 

Book. 

45 W. of N. 

0 

Railway cutting *. 

Granite. 

45 

70 N. 



45 „ 

90 

Back of Eagle Mountain. 
Campbell's Quarry, Newry. 

»» 

45 

65 N. 


45 

90 

ft »f 

SI 

30 „ 

90 

Summit of Eagle Mountain. 


30 

65 E. 

Killowen. 

Slate. 

30 „ 

60 £. 





* The railway cuttings are from the Main line Station of the Dublin and Belfast Junction Railway to the 
open plain under Slieve GuUion. 
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Table V. (continued). 


No. 

Bearing. 

Dip. 

Locality. 

Book. 

9 

26 W. of N. 

O 

Railway cutting. 

Granite. 

10 

25 

»• 

90 

Killowen. 

Slate. 

11 

20 

91 

80 E. 

Eagle Mountain (summit). 

Granite. 

12 

15 

9> 


Railway cutting. 

99 

13 

15 

99 

76 E. 

99 

99 

14 

15 

99 

80 E. 

99 

99 

15 

15 

99 


99 

99 

16 

15 

99 

90 to 65 E. 

Wellington Inn * 

99 

17 

16 

99 

90 to 65 E. 

99 

99 

18 

15 

99 


Rostrevor. 

Slate. 

19 

15 

99 


Eagle Mountain (summit). 

Granite. 

20 

15 

99 

90 

Slieve Bingian. 

99 

21 

10 

99 

70 E. 

Railway cutting. 

99 

22 

10 

99 

90 

Rostrevor. 

Slate. 

23 

5 

99 

90 

Back of Ei^rle Mountain. 

Granite. 

24 

5 

99 

90 

Campbell’s Quarry, Newry. 

99 

25 

5 

99 

80 E. 

99 99 

99 

26 

0 N.S. 

90 

Eagle Mountain. 

99 

27 

0 

99 

90 

99 

99 

28 

0 

9« 

90 

99 

99 

29 

5 

E. of N. 

80 E. 

Campbell’s Quarry, Newry. 

9» 

30 

10 

99 


Railway cutting. 

99 

31 

15 

99 

90 

Rostrevor. 

Slate. 

32 1 

15 

99 

90 

Killowen. 

99 

33 

15 

99 

90 

Eagle Mountain. 

Granite. 

34 

15 

99 

90 

Campbell’s Quarry, Newry. 

99 

35 

15 

99 

90 

99 99 

99 

36 

15 

99 

80 E. 

99 99 

99 

37 

20 

99 

90 

• 

99 99 

99 

38 

20 

99 


Railway cutting. 

99 

39 

20 

99 

65 E. 

Rostrevor. 

Slate. 

40 

20 

99 

70 W. 

99 

99 

41 

22 

99 


Slieve Bingian. 

Granite. 

42 

25 

99 

90 

Railway cutting. 

99 

43 

30 

99 

90 

99 

99 

44 

30 

99 


99 

99 

45 

30 

99 

90 

99 

99 

46 

30 

99 

90 

99 

99 

47 

40 

99 

90 

Campbell’s Quarry, Newry. 

99* 

48 

40 

99 


Railway cutting. 

99 

49 

45 

99 


99 

99 

50 

45 

99 

80 E. 

99 

99 

51 

45 

99 


99 

99 

52 

45 

99 

90 

Summit of Eagle Mountain f. 

99 

53 

45 

99 

90 

99 99 

99 

54 

45 

99 

90 

99 99 

99 

55 

45 

99 

80 W. 

Campbell’s Quarry, Newry. 

99 


* These joints are beautifully curved. 

t These joints form the faces of the splendid granite columns, 150 feet in height, for which this mountain is 
celebrated. 


3 H 


MDCCCLXIV. 




400 


BBV. S. HA-UGHTON ON THE JOINT-SYSTEMS OF IBELAND 


Table VI. — ^East and West Joints of the Moume and Newry Mountains. 


No. 

Bearing. 

Dip. 

Locality. 

Bock. 

1 

40 N. of £. 

0 

90 

Columns at summit of Eagle Mountain. 

Granite. 

2 

40 

90 

9f ff 99 

99 

3 

35 

Railway cutting. 

99 

4 

SO 

90 

Summit of Eagle Mountain. 

99 

5 

30 

65 N. 

Rostrevor. 

Slate. 

6 

30 

90 

Railway cutting. 

Granite. 

7 

20 

65 N. 


99 

8 

20 „ 

45 S. 

Rostrevor. 

Slate. 

9 

16 


Railway cutting. 

Granite. 

10 

15 


9 * 

99 

11 

15 


99 

99 

12 

16 

90 

Campbell’s Quarry. 

99 

13 

10 


99 

99 

14 

10 

90 

Rostrevor. 

Slate. 

15 

10 

60 N. 

99 

99 

16 

10 

90 

Eagle Mountain. 

Granite. 

17 

5 

25 N. 

Rostrevor. 

Slate. 

18 

0 E.W. 

80 S. 

Railway cutting. 

Granite. 

19 

0 

• • • « • • 

99 

99 

20 

0 „ 

90 

99 

1 99 

21 

0 „ 

60 N. 

Eagle Mountain. 

99 

22 

0 

90 

99 

99 

23 

5 S. ofE. 

90 

99 

99 

24 

5 ft 

80 N. 

Campbell’s Quarry. 

99 

25 

6 

85 N. 

Slieve Bingian. 

99 

26 

20 „ 


99 

99 

27 

22 


99 

99 

28 

26 


99 

99 

29 

26 

70 N. 

Campbell*^ Quarry. 

99 

30 

B1 

25 

30 „ 

90 

Railway cutting. 

Eagle Mountain. 

99 

99 

32 

30 

70 N. 

Railway cutting. 

99 

33 

40 

90 

99 

99 

34 

40 

70 N. 

Campbell’s Quarry. 

99 


Collecting together into one Table the 89 observations, and arranging them by 
azimuths and the number of observations belonging to each, we find the following : — 
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Table VII.— Joints of the Moume and Newry Mountains, arranged according to 

azimuths and number of observations. 


Azimuth. 

Number of obaerrations. 

46 W 

.of N. 

6 

30 

I> 

3 

25 

99 

2 

20 

99 

1 

16 

99 

9 

10 

99 

2 

5 

99 

3 

0 N. 

S. 

3 

6 E. 

of N. 

1 

10 

99 

1 

16 

99 

6 

20 

99 

4 

22 

99 

1 

25 

99 

1 

30 

99 

4 

40 

99 

2 

45 

99 

7 

40 N. 

of E. 

2 

35 

99 

1 

30 

99 

3 

20 

99 

2 

16 

99 

4 

10 

99 

4 

5 

99 

1 

0 E.W. 

6 

6 S. 

of E. 

3 

20 

99 

1 

22 

99 

1 

26 

99 

3 

30 

99 

2 

40 

99 

2 



Total 89 


The accompanying diagram (fig. 4) represents graphi- 
cally the preceding Table. 

From an examination of Table VII., it appears that 71 
per cent, of the total observations may be included in six 
systems of joints, each contained within limits of 10 ° 

o o 

1 . Between 6 and 15 W. of N. . . . 14 observations. 

2 . „ 15 and 25 E. of N. . . . 12 „ 

3. „ 40 and 50 E. of N. . . , 7 „ 

4. „ 10 and 20 N. of E. . . . 10 „ 

5. „ 5 N. of E. and 5" S. of E. 9 

6 . „ 45and20 W. ofN. . . . 11 


Fig. 4. 



63 or 71 per cent of 89 observations. 


Sh2 
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The precise bearings of these systems are — 


O t 


1. 

12 

8W. ofN. . . . 

• (C). 

2. 

18 

6E.ofN. . . . 

(C"). 

3. 

46 

0 E. of N. . . . 

• (A'). 

4. 

14 

ON. ofE. . . . 

• (A). 

5. 

#1 

6S. ofE. . . . 

(A"). 

6. 

46 

26 W. of N. . . . 

• (O')- 


Of these systems of joints, 1 and 4, 3 and 6 are evidently conjugates, and neither 
system closely corresponds with those of Waterford and Donegal, although that named 
(A, C) comes within a few degrees of (A, C) of those localities. 

The Conjugate Joint-Systems of the Mourne and Newry Mountains are therefore as 
follows : — 

Table VIII. — Conjugate Joints of the Mourne and Newry Mountains. 


Designation. 

Magnetic bearing. 

True hearing*. 

Angle from 
Eaat to North. 

A 

14 ON. ofK. 

39 40 N. of E. 

1 

o / 

^ QQ Q 

C 

12 8W. ofN. 

37 48 W. of N. 

j 

^ OO o 

A' 

45 0 E. of* N. 

19 20 E. of N. 

1 

oo OA 

C' 

46 26 W. of N. 

17 54 S. ofE. 

j oo 


In addition to the foregoing systems, which are evidently conjugate, we have the 
other systems, 2 and 5. 



Magnetic bearing. 

True bearing. 

System No. 2 (C"). 

System No. 5 (A").; 

! 

18 6 E. of N. 

1 6 S. of E. 

7 36 W. of N. 

24 34 N, of E. 


The accompanying diagram (fig. 6) exhibits the 
six systems of joints just described, with the num- 
ber of observations on which each is founded. 

A very remarkable system of trap dykes pene- 
trating the granite is exhibited in the railway cut- 
tings from the Goragh Wood station to Slieve Gul- 
lion, in the Newry Mountains. 

They are twenty-five in number, and are given in 
the following Table, numbered in order from Goragh 
Wood to Slieve Gullion. It appears evident from 
the Table that they are all reducible to four systems, 
two of which have directions closely corresponding 
with the joint-systems (C) and (O) already found. 

* The magnetic variation of the Mourne district was 25° 40' W. 
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Table IX. — ^Trap Dykes in Granite between Goragh Wood and Slieve Gullion. 

System (A") I 


No. 

Bearing. 

Dip. 


16 

10 S. of E. 

60 S. 

Dolerite. 

17 

20 tt 

60 S. 

Dolerite. 


System C. 


No. 

Bearing. 

Dip. 


1 

10 W. of N. 

0 

ik 


6 

15 „ 

— E. 


7 

6 » 

90 


9 

16 „ 

90 


13 

15 „ 

70 E. 


16 

16 

70 E. 

Basalt. 

18 

15 „ 

46 E. 


19 

30 „ 

70 E. 


20 

15 „ 

90 


21 

15 „ 

70 E. 


22 

15 „ 

66 E. 


23 

15 „ 

70 E. 


24 

10 „ 

90 


26 

10 „ 

70 E. 


Mean 

13 ® 34 ' W. ofN. 




System A'. 


No. 

Bearing. 

Dip. 

10 

30 E. of N. 

66 W. 

12 

56 y, 

90 


System C'. 


No. 

Bearing. 

Dip. 

2 

•p 

46 W. of N. 

0 

3 

* 46 „ 

70 N. 

4 

35 „ 

70 N. 

6 

46 „ 

90 

8 

50 „ 

65 S. 

11 

50 „ 

75 N. 

14 

35 

45 S. 

Mean 

43 ® 34 ' W.ofN. 



The trap dykes, with which other and distant parts of the Moume district are inter- 
sected, correspond in general direction with the joint-systems already found, as is shown 
by the following, among other examples : — 






404 


BEV. S. HAXJOHTON ON THE JOINT-SYSTEMS OF IBELAND 


Trap Dykes of Systems A and A". 


Bearing. 

Dip. 

Book. 

locality. 

5 N. of E. 

50 S. 

Felstone d^ke in slate. 

Rostrevor. 

E.W. 

90 

Greenstone dyke (19 feet wide) in slate. 

Rostrevor. 

6 N. of E. 

90 

Greenstone dyke (12 feet wide) in slate. 

Killowen. 

10 N. of E. 


Greenstone in slate. 

Clogh More. 

15 N.of E. 


Dolerite in slate. 

Slieve Bawn. 

5 S. of E. 

85 N. 

Felstone porphyry in granite. 

Slieve Bingian (little). 

10 S. ofE. 

90 

Felstone in slate. 

Armer’s Hole. 

20 S. of E. 

90 

Elvan in granite. 

Slieve Bingian. 


Trap Dykes of System C. 


Bearing. 

Dip. 

Bock. 

Locality. 

“ N.S. 

10 W. ofN. 

5 VV. of N. 

o 

90 

80 W. 
30 W. 

Basalt dyke in granite. 
Greenstone dyke in slate. 
Syenite in slate. 

Ballymacilreiny. 
Carlingford Mountain. 
Carlingford Pier. 


We have therefore evidence of the existence of the following systems of Joints and 
Dykes in the Mourne and Newry Mountains : — 

I. Primary System : — 

(A). Joints. . . 14® O'N. ofE. (Mag.)=39M0'N. ofE. 

II. Conjugate of Primary : — 

(C). Joints. . . 12 " 8 'W. ofN.(Mag.)=37" 48'W. ofN. 

Dykes. . . 13" 34' „ „ =39® 14' W. of N. 

III. First Secondary System : — 

(A'). Joints. . . 45" O'RofN. (Mag.)=19® 20'E. ofN. 

IV. Conjugate of First Secondary : — ^ 

(C). Joints ... 46" 26' W. of N. (Mag.)=17" 64' S. of E. 

•Dykes ... 43" 34' „ „ =20® 46' S. of K 

V. Second Secondary System : — 

(O'). Joints . . 18® 5' E. of N. (Mag.)=7® 36' W. of N. 

The angles between the Primary and Secondary Systems are 
Between Primary and Fibst Secondary Systems — 

A—A' 31® 0' 1 

C—C'( Joints) 34" 18' 1=3 1 ® 46 '. 

C— O' (Dykes) 30" 0 ' J 

Between Conjugate to Primary and Second Secondary-*— 

C— O' (Joints) 30" 13' 1 o c, 

C — C" (Dykes and Joints) . . . 81® 39' J ^ 
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Pabt m .— on the joint-systems op CORNWALL. 


The following notice of the Joint-Systems is founded on my own observations, with 
the exception of the two sets of observations made by Sir H. Db la Beche and Mr. N. 
Whitley, which I was permitted to copy by tracing from the diagram deposited in the 
Museum of the Geological Society of Cornwall, in Penzance. 

Sir H. Db la Beche and other observers have noticed the relation between the direc- 
tions of the lodes and of the joints in Cornwall. This relation is even more intimate 
than they supposed, and extends to the Secondary J oints, which are well represented in 
the mines by the Caunter Lodes, while the Conjugate J oints are represented by the 
Cross Courses. 

Joint-Planes observed in Cornwall. 

System A. 


■ai 

Bearing. 

Dip. 

Locality. 

Bock. 

1 

10 N. of E. 

o 

90 

Land’s End. 

Granite. 

2 

E.W. 

90 

Cam Bosavem. 

9f 

3 

E.W. 

90 

Cam Marth. 

If 

From the MS. observations of Sir H. De la Beche and Mr. N. Wihtley, 


in the Geological Society of Penzance. 


4 

24 N. of E. 


Land’s End. 

Granite. 

5 

21 


If 

>» 

6 

3 n 


ff 

9f 

7 

6 „ 


Gunnis Lake 

99 

8 

8 S. of E.J 


♦f 

99 

9 

8 N. of E. 


ff 

99 

10 

14 „ 



99 

11 

6 „ 


9* 

99 

IZ 

9 


99 

99 

13 

10 S. of E. 


Trincomlee Hill. 

99 

Mean 

6° * 3 ' N. of E. 




System C. 


No. 

Bearing. 

Dip. 

Locality. 

5 

Bock. 

1 

10 W. of N. 

O 

90 

Land’s End. 

Granite. 

2 

N.S. 

90 

Cam Bosavem, St. Just. 

99 

3 

N.S. 

90 

Cam Brea. 

99 

4 

N.S. 

90 

Cam Marth. 

99 

5 

N.S. 

90 

Portreath. 

Slate. 


From the MS. observations of Sir H.Ds la Beche and Mr.N. Whitley, 
in the Geological Society of Penzance. 

6 

10 W. of N. 


Pedn maen du. 

Granite. 

7 

10 


Cam Clog. 

99 

8 

15 „ 


Cam Creis. 

99 

9 

21 „ 


• Mill Bay. 


10 

17 


Cam Barra. 

0 

99 

11 

7 


Cam Meliyn. 

99 

12 

17 „ 


Tol pedn penwith. 

Forth Ghaple. 

99 

13 

7 


99 

14 

13 „ 


Pedn maen an mean 

99 

Mean 

9 « 4 ' W.ofN. 

• 
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Other systems of Joint-Planes occur in the granite of Cornwall. Mr. Whitley has 
observed at Gunnis Lake the following joint-planes : — 

2r E. of N. (Mag.)) 

16“ „ „ 19® 40' E. of N. 

22 “ 

and at Trincomlee Hill, 13“ E. of N. 

And I observed at Cam Brea well-marked joints, which seem to be conjugate to the 
foregoing, viz. 20“ S. of E. 

These joint-planes may possibly indicate the System (A" — C") observed in the co. 
Waterford. 

At Cam Marth 1 found joints bearing 40“ W. of N., as in the Mourne Mountains. 
The relation between the directions of the lodes and joints in Cornwall has been long 
known. I was desirous of testing it in the Cam Brea district, and therefore asked per- 
mission of the officers of Cam Brea, Dolcoath, and North Roskear Mines to make use 
of their maps for the purpose ; the permission was readily granted, and I have here 
tabulated the rpsults of my investigation. 


Direction of Main Lodes (Mag.), 1840. 
System A. 


No. 

Bearing. 

Name of lode. 

Mine. 

1 

15 N.of E. 

Highbarrow. 

Cam Brea. 

2 

9 13 93 

Druid’s. 

99 

3 

S 99 99 

Teague’s. 

99 

4 

16 „ „ 

Western part. 

Dolcoath. 

5 

5 99 99 

Eastern part. 

99 

6 

11 » » 

South lode. 

99 

7 

16 „ „ 

Entral, western. 

99 

8 

6 » » 

Entral, eastern. 

99 $ 

9 

10 » »» 

Main lode. 

North Roskear. 

10 

E.W. 

» }* 

99 

11 

5 N. of E. 

ft ft 

99 

Mean 

8° 45' N. of E. 




Direction of Cross Courses conjugate to Main Lodes. 

System C. 


No. 

Bearing. 

Name of lode. 

1 

“n.s. 

Cam Brea. 

2 

14 W. ofN. 

99 99 • 

3 

6 $p ft 

Great Cross Course, dividing Dolcoath from Cooks Kitchen. 

Mean 

6’ 40' W. of N. 
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Direction of Gaunter Lodes (A" X), 


No. 

Bearing. 

Lode. 

Mine. 

1 

S. of E. 

Barncooae. 

Garn Brea. 

2 

22 If If 

Vigors’ Gaunter. 

»» 

3 

39 If If 

Gaunter. 

Dolcoath. 

4 

40 If If 

Gaunter. 

N. Roskear. 


Cross Course, conjugate to the Caunters. 

(C") 20'’ E. of N. in Cam Brea. 

The following Systems may be regarded as fully established in Cornwall: 

I. Primary System. 

(A) Joints . . O'* 23' N. of E. (Mag.)* =30® 20' N. of E. 
Lodes . . 8° 45' „ „ =34° 45' „ 


II. Conjugate of Primary. 

(C) Joints . . 9° 4' W. of N. (Mag.) =33° 4'W. ofN. 

Cross Courses 6° 40' „ „ =32° 40' „ 

The following System exists also, but is not so prominent. 

III. Secondary System. 

(A") Joints and Cross Courses 20° 0' S. of E. (Mag.) =4® N. of E. 

IV. Conjugate of Secondary. 

(C') Joints . . . 18° 0' E. of N. (Mag.) 6° W. of N. 

Gaunter Lodes 19° 0' „ „ 7° „ 

The angles between the Primary and Secondary Systems are as follows : — 

Between Primary and Conjugate of Secondary, 

f. .„v ^Joints .... 26° 23' 

^ ^ iLodes .... 30° 45' 

fC-O') . . . . 2 r i' • • =*7 28 

ICross Courses . . 25° 40' , 

* I have assumod the mean variation in Cornwall to be 24® W. in 18«0, and to have been 26® W. in the 
year 1840. 


MDCOCLZIY. 
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Pabx IV.— on the JOINT-SYSTEMS OF THE CO. FERMANAGH. 

I have made the following observations on the J oints of the Carboniferous limestone 
of the CO. Fermanagh. 


System A. 


No. 

Soaring. 

Dip. 

Localitj. 

1 

5 N. of E. 

0 

90 

Bel more Mountain. 

2 

E.W. 

90 


3 

15 S. of E. 

90 

Dunbar Quarry. 

4 

8 S. of E. 

90 


Mean 

4° 30' S. of E. 




System C. 


No. 

Bearing. 

Dip. 

• 

Locality. 

1 

5 E. of N. 

0 

90 

Dunbar Quarry. 

2 

N.S. 

86 E. 


3 

5 W. of N. 

80 W. 


4 

7 E. of N. 

90 


5 

15 E. of N. 

90 


6 

10 W. of N. 

90 

Belmore Mountain. 

7 

N.S. 

90 

if a 

8 

10 W.of N. 

90 

>> a 

9 

N.S. 

90 

if a 

10 

N.S. 

80 E. 

fi it 

Mean 

0° 12' E. of N. 




System A'. 


No. 

Bearing. 

Dip. 

Locality. 

1 

26 N. of E. 

0 

90 

Carrickreagh Quarry. 

2 


90 

if a 

3 

27 19 a 

90 

Belmore Mountain. 

4 

30 „ „ 

90 

if ti 

Mean 

i 

28® 0' N. of E. 


t 


System C. 


No. 

Bearing. 

Dip. 

Locality. 

1 

2^ W. of N. 

84 E. 

Qprrickreagh. 

2 

00 ff ff 

78 W. 

if 

3 

0® >» »» 

80 W. 

if 

Mean 

29® 20' W. of N. 
1 
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No. 

Bearing. 

Dip. 

Locality. 

1 

45 N. of E. 

90 

Carrickreagh. 

2 

46 

90 

99 

8 

45 „ 

90 

99 

4 

45 „ 

76 S.E. 

Dunbar. 

6 

46 

90 

Belmore. 

Mean 

45 ® N. of E. 


1 


In these observations there is distinct evidence of a Primary and Secondary Conjugate 
System, and of a third series of planes (X), which is well represented in the Moume 
Mountains. 


I. Primary System . . . 

II. Conjugate to Primary . 

III. Secondary System » . . 

IV. Conjugate to Secondary 

V. (X) 


4" 30' S. of E. (Mag.) =21" 30' N. of. E. 


0" 12' E. ofN. 
28" O'N. ofE. 
29" 20' W. of N. 
45" N. of E. . 


=25" 48' W. ofN. 
=54" O'N. of E. 
=55" 20' W. of N. 
=19" O'E. ofN. 


The angle between the Primary and Secondary Systems is thus found ; 

A— A' ... 32" 30') , , 

C— C ... 29° 32')“3> ' • 


Part V.— GENERAL CONCLUSIONS FROM THE FOREGOING OBSERVATIONS. 

Collecting together into one Table the results of the preceding observations, we find 
the following : — 


Table X.— Primary and Secondary Joints (True Bearings). 



Waterford. 

Donegal. 

Moume. 

Cornwall. 

Fermanagh. 

Primary System (A) 

Coiyugate to Primary (C) .«. | 

First Secondary (A') ^ 

Co^u|;ate to First Secondary f 

Second Secondary (A'') < 

Co^ju^ate to Second Secondary | 

N. of E. 

32 ° 26' 

W. of N. 
31® 37' 

N. of E. 
68® 11' 

W. of N. 
60® 3' 

S. of E. 

6® 60' 

E. of N. 

4® 30' 

N. of E. 

26® 16' 

W. of N. 
29® 36' 

N. ofE. 

58® 40' 

N. of E. 
39® 40' 

W. of N. 
.38® 31' 

N. of E. 

70® 40' 

W.ofN. 
70® 40' 

W. of N. 

7® 36' 

N. of E. 
32® 34' 

W. of N. 
32® 66' 

:::::: { 

N. of E. 

4® 0' 

W. of N. 

6® 30' 

N. of E. 

21® 30' 

W. of N. 

25® 48' 

N. of E. 

64® 0' 

[and 71® O'] ? 
W. of N. 

65® 20' 

1 


The only remarkable agreement as to direction of Joints disclosed by the preceding 

3i2 
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Table, is that between Waterford and Cornwall. If we compare together the primary 
and secondary joints in each locality, we find the following Xa>ble : — 


Table XI. — ^Angle between Primary and Secondary Joints. 



Waterford. 

Donegal 

Moume. 

Cornwall. 

' Fermanagh. 

♦ 

Primary (A, C) and First Secondary (A', C) 

Primary (A, C) and Second Secondary ( A'^ C") 

— 

+ 

27° 

37° 11' 

+ 

32° 24' 

+ 

31° 46' 

30° 66' 

+ 

27° 28' 

+ 

31° 1' 


This Table discloses a very interesting and unexpected result, viz. that, in Waterford, 
Donegal, Moume, and Fermanagh, the angle between the Primary and First Secondary 
Joint-Systems ranges between the narrow limits of 27® 6' and 32® 24', and that in 
Waterford, Moume, and Cornwall the angle between the Primary and Second Secondary 
Joint-Systems ranges from 27® 28' to 37® 11'. 

I hope to be able to show that this important result of observation is an easy con- 
sequence of the mechanical theory of Joints ; but before doing so, I shall prove by the 
following Table, that the theory of Conjugate Joints used in my paper on the co. 
Waterford applies equally well to the other districts examined by me. 


Table XII. — ^Angles between Conjugate Joints, measured from East to North. 


Systems. 

Waterford. 

Donegal. 

Mourne. 

Cornwall. 

e 

Fermanagh. 

Primary (A, €) 

Secondary (A', C) 

Secondary 


93° 19' 

88° 51' 
90° 0' 

90° 21' 

92° 30' 

O GO 

. \ ^ 



1 


The tendency of Conjugate Joints to place themselves at right angles is plainly shown 
by the foregoing Table. 


Past VI.— MECHANICAL THEORY OF ROCK JOINTS. 

Rock masses are always arranged in sheets, whose dimensions in two rectangular 
directions are much greater than in the third direction at right angles to the first two. 
Hence, when a system of forces acts upon such a mass, its first effect will be to produce 
a systems of fissures at right angles to the plane of the resultant force. When other 
forces are subsequently applied to the rock mass, already divided into bands by the 
parallel fissures, their effect upon these rock bands will be different according as they 
have a large vertical or large horizontal component. In the first case the bands of rock 
will simply bend and break across along new fissures at right angles to the original 
fissures. This cause produces the phenomena of conjugate joints, which have been 
described and accounted for by several writers, and have been fully discussed by myself 
in the paper, “ On the Physical Structure of the Old Red Sandstone of Waterford,” so 
often referred to by me. 
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I shall therefore direct my attention at present to the phenomena of Secondary Joints, 
which have been shown to take place along directions inclined at about 30®, on each 
side of the primary direction of the original joints. Let ^ 

jy, be the directions of two primary parallel joints, ^ ' ’ j 

and let a force P, acting horizontally, tend to produce p ^ ^ 

a fracture in some unknown direction, ab^ making an x' ^ 

angle 6 with the directions ay, a/y ; if the band of rock 

were capable of bending, this direction would be at right angles to the direction xy ; 
but if, from the pressure of superincumbent rock masses, or other cause, it be prevented 
from bending, it will fracture along the line which is the plane of easiest fracture, 
and whose direction 6 is thus found. 

Let K denote the coefficient of cohesion of the rock, I the length of oi, and h the 
perpendicular distance between ay and a/y, and let = tan X denote the coefficient of 
friction of the rock. 

The mechanical condition of equilibrium is evidently as follows : — 

« 

P cos 6=1LI-\‘^V sin 
or 

Pcos«=jj-j+^Psin«. (1) 

Differentiating this equation, regarding P as a minimum and therefore dP=0, we find 

— Psin(>= — (2) 

Equating the values of P deduced from (1) and (2), we find 

sin 6 (sin cos ^)=cos 0 (cos sin 0) ; , 

from which follows 

cos 2^=/!4 sin 2^ (3) 

or 

cot2^=tanX; 

and, finally, 

2<?+X=90®. (4) 


The values of X, determined for various kinds of rock, limestone, sandstone, and slate, 
vary from 30® to 38^ thus giving for 0 corresponding values from 30® to 26°. These 
values agree very well with the angles between the systems of Primary and Secondary 
joints determined by the preceding observations in different localities ; and I believe that 
the mechanical cause 1 have assigned is the true cause of these joints. 

From this it follows that a single hypothesis as to the direction of a system of forces 
is sufficient to account for the existence of three conjugate systems of joints, involving 
six directions; and it also explains the rudely hexagonal jointing of many rocks, if the 
coefficient of friction be such as to render the angle 0 nearly 30®. 

Many other consequences fiow from the preceding investigations, into which I have 
not time to enter, but which may be readily found and tiymed to practical use by the 
field geologist who prefers one hypothesis to many. 
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§ I. Introduction. 

1. The recent discovery by Kirchhofp of the connexion between the dark lines of 
the solar spectrum and the bright lines of terrestrial flames, so remarkable for the wide 
range of its application, has placed in the hands of the experimentalist a method of 
analysis which is not rendered less certain by the distance of the objects the light of 
which is to be subjected to examination. The great success of this method of analysis 
as applied by Kiechhopf to the determination of the nature of some of the constituents 
of the sun, rendered it obvious that it would bd an investigation of the highest interest, in 
its relations to our knowledge of the general plan and structure of the visible universe, to 
endeavour to apply this new method of analysis to the light which reaches the earth from 
the fixed stars. Hitherto the knowledge possessed by man of these immensely distant 
bodies has been almost confined to the fact that some of them, which observation shows 
to be united in systems, are composed of matter subjected to the same laws of gravita- 
tion as those which rule the members of the solar system. To this may be added the 
high probability that they must be self-luminous bodies analogous to our sun, and pro- 
bably in some cases even transcending it in brilliancy. Were they not self-luminous, it 
would be impossible for their light to reach us from the enormous distances at which, 
the absence of sensible parallax in the case of most of them shows, they must be placed 
from our system. 

The investigation of the nature of the fixed stars by a prisn\atic analysis of the light 
which comes to us from them, however, is surrounded vrith no ordinary difficulties. The 
light of the bright stars, even when concentrated by an object-glass or speculum, is 
found to become feeble when subjected to the large amount *of dispersion ^yhich is 
necessary to give certainty and value to the comparison of the dark lines of the stellar 
spectra with the bright lines of terrestrial matter. Another difficulty, greater because 
it is in its effect upon observation more injurious, and is altogether beyond the* control 
of the experimentalist, presents itself in the ever-changing want of homogeneity of the 
earth’s atmosphere, through which the stellar light has to pass. This source of difficulty 
presses very heavily upon observers who have to work in a climate so unfavourable in 
this respect as our own. On any but the finest nights the numerous and closely approxi- 
mated fine lines of the stellar spectra are seen so fitfully that no observations of value 
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can be made. It is firom this cause especially that we have found the inquiry, in which 
for more than two years and a quarter we have been engaged, more than usually 
toilsome ; and indeed it has demanded a sacrifice of time very great when compared with 
the amount of information which we have been enabled to obtain. 

2. Previously to January 1862, in which month we commenced these experiments, 
no results of any investigation undertaken with a similar purpose had been published. 
With other objects in view, two observers had described the spectra of a few of the 
brighter stars, viz. Fraunhofer in 1823*, and Donati, whose memoir, “Intomo alle 
strie degli spettri stellari,” was published in the Annali del Museo Fiorentino for 1862. 

Fraunhofer recognized the solar lines D, E, b, and F in the spectra of the Moon, 
Venus, and Mai's ; he also found the line D in Capella, Betelgeux, Procyon, and Pollux ; 
in the two former he also mentions the presence of b. Castor and Sirius exhibited 
other linea Donati’s elaborate paper contains observations upon fifteen stars ; but in 
no case has he given the positions of more than three or four bars, and the positions 
which he ascribes to the lines of the diflerent spectra relatively to the solar spectrum do. 
not accord with the results obtained either by Fraunhofer or by ourselves. As might 
have been anticipated from his well-known accuracy, we have not found any error in 
the positions of the lines indicated by Fraunhofer; 

3. Early in 1862 we had succeeded in arranging a form of apparatus in which a few 
of the stronger lines in some of the brighter stars could be seen. The remeasuring of 
those already described by Fraunhofer and Donati, and even the determining the 
positions of a few similar lines in other stars, however, would have been of little value 
for our special object, which was to ascertain, if possible, the constituent elements of the 
different stars. We therefore devoted considerable time and attention to the perfecting 
of an apparatus which should possess sufiicient dispersive and defining power to resolve 
such lines as D and b of the solar spectrum. Such an instrument would bring out the 
finer lines of the spectra of the stars, if in this respect they resembled the sun. It was 
necessary for our purpose that the apparatus should further be adapted to give accurate 
measures of the lines which should be observed, and that it should also be so con- 
structed as to permit the spectra of the chemical elements to be observed in the instru- 
ment simultaneously with the spectra of the stars. In addition to this, it was needful 
that these two spectra should occupy such a position relatively to each other, as to 
enable the observer to determine with certainty the coincidence or non-coincidence of 
the bright lines of the elements with the dark lines in the light from the star. 

Before the end of the year 1862 we had succeeded in constructing an apparatus which 
fulfilled^ part of these conditions. With this some of the lines of the spectra of Alde- 
baran, a Orionis, and Sirius were measured ; and from these measures diagrams of these 
stars, in greater detail than had then been published, were laid before the Boyal Society 
in February 1863. After the note was sent to the Society, we became acquainted with 

some similar observations on several other stars by,BuTHERFURD, in Siluman’s Journal 

• * 

* OiLBXBz’s ‘ Annalen/ vol. Izziv. p. 374. 
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for 1863 ♦. About the same time figures of a few stellar spectra were also published by 
SsccHif. In March 1863, the Astronomer Royal presented a diagram to the Rdyal 
Astronomical Society, in which are shown the positions of a few lines in sixteen stars j:. 

Since the date at which our note was sent to the Royal Society our apparatus has 
been much improved, and in its present form of construction it fulfils satisfactorily 
several of the conditions required. 

» J II. Description of the Apparatus and Methods of Observation employed. 

4. This specially constructed spectrum apparatus is attached to the eye end of a 
refracting telescope of 8 inches aperture and 10 feet focal length, which is mounted 
equatorially in the observatory of Mr. Huggins at Upper Tulse Hill. The object- 
glass is a very fine one, by Alvan Clark of Cambridge, Massachusetts ; the equatorial 
mounting is by Cooke of York ; and the telescope is carried very smoothly by a clock 
motion. 

• As the linear spectrum of the point of light which a star forms at the focus of the 
object-glass is too narrow for the observation of the dark lines, it becomes necessary to 
spread out the image of the star ; and to prevent loss of light, it is of importance that this 
enlargement should be in one direction only ; so that the whole of the light received by 
the object-glass should be concentrated into a fine line of light as narrow as possible, 
and having a length not greater than will correspond to the breadth of the spectrum 
(when viewed in the apparatus) just sufficient to enable the eye to distinguish with ease 
the dark lines by which it may be crossed. No arrangement tried by us has been found 
more suitable to effect this enlargement in one direction than a cylindrical lens, which 
was first employed for this purpose by Fraunhofer. In the apparatus by which the 
spectra described in our “Note” of February 1863 were observed, the cylindrical lens 
employed was plano-convex, of 0’5 inch focal length. This was placed within the focus 
of the object-glass and immediately in front of the slit of the collimator. 

The present form of the apparatus is represented in Plate X. figs. 1 & 2, where the 
cylindrical lens is marked a. This is plano-convex, an inch square, and of about 14 
inches focal length. The lens is mounted in an inner tube, 6, sliding within the tube c, 
by which the apparatus is adapted to the eye end of the telescope. The axial direction 
of the cylindrical surface is placed at right angles to the slit (f, and the distance of the 
lens from the slit within the converging pencils from the object-glass is such as to give 
exactly the necessary breadth to the spectrum. 

In consequence of the object-glass being over-corrected, the red and, especially, the 
violet pencils are less spread out than the pencils of intermediate refrangibility ; so that 
the spectrum, instead of having a uniform breadth, becomes slightly narrower at the red 
end, and tapers off in a greater degree towards the more refrangfible extremity §. 

* Vol. XXXV, p. 71. Astronomisoho Naohrichten, No. 1405, March 3, 1863. 

4; Monthly Notices, Boy. Astron. 8oc. vol.‘ zziii. p. 190. ^ * 

§ The e]^riinent was made of so pladng the oylindiioal lens that the axial dirootion of its convex ^lin- 
MDCCCLXIV. 8 K 
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In front of the ^it and over one half of it, is placed a right-angled prism for the 
pufpose of reflecting the light which it receives from the mirror / through the slit. In 
the brass tube e are two holes: by one of these the light is allowed to pass from the 
mirror to the reflecting-prism e ; and by means of the other, access to the milled head 
for regulating the width of the slit is permitted. Behind the slit, and at a distance 
equal to its focal length, is placed an achromatic collimating lens made by T. Boss ; 
this has a diameter of 0*6 inch and a focal length of 4^ inches. These proportions are 
such that the lens receives the whole of the light which diverges from the linear image 
of the star when this is brought exactly within the jaws of the slit. 

The dispersing portion of the apparatus consists of two prisms, A, each having a 
refracting angle of about 60° ; they were made by T. Ross, and are of very dense and 
homogeneous flint glass. The prisms are supported upon a suitable mounting, which 
permits them to be duly levelled and adjusted. Since the feebleness of the light from 
the stars limits the observations for the most part to the central and more luminous 
portions of the spectrum, the prisms have been adjusted to the angle of minimum devia-* 
tion for the ray D. A cover of brass, k, encloses this part of the apparatus ; and by this 
means the prisms are protected from accidental displacement, and from dust. 

The spectrum is viewed through a small achromatic telescope /, furnished with an 
object-glass of 0*8 inch diameter and 6*76 inches focal length. This telescope has an 
adjustment for level at m. The axis of the telescope can be lowered and raised, and the 
tube can be also rotated around the vertical axis of support at n. At the focus of the 
object-glass are fixed two wires, crossing at an angle of 90°. These are viewed, together 
with the spectrum, by a positive eyepiece giving a magnifying power of 6*7 diameters. 
As the eyes of the two observers do not possess the same focal distance, a spectacle-lens, 
corresponding to the focal difference between the two, was fitted into a brass tube, which 
slipped easily over the eyepiece of the telescope, and was used or withdrawn as was 
necessary. 

This telescope, when properly adjusted and clamped, is carried by a micrometer-screw 
q, which was constructed and fitted to the instrument by Cooke and Sons. The centre 
of motion about which it is carried is placed approximatively at the point of intersec- 
tion of the red and the violet pencils from the last prism ; consequently it falls within 


drical surface should be parallel with the direction of the slit. The line of light is in this case formed by the 
lens ; and the length of this line, corresponding to the visible breadth of the spectrum, is equal to the diameter 
of the cone of rays from the object-glass where they fall upon the slit. With this arrangement, the spectrum 
appears to be spread out, in place of being contracted at the two oxtremitios. Owing to the large amount of 
dispersion to which the light is subjected, it was judged unadvisable to weaken still further the already feeble 
illumination of the extremities of the spectrum ; and in the examination of the stellar spectra the position of 
the cylindrical lens with its axis at right angles to the slit, as mentioned in the text, was therefore adopted. 

A piano-eoneave cylindrical lens of about 14 inches negative focal length was also tried. The dight advan- 
tage which^this possesses over thq^convex form is more than balanced by the inc(Hivenienoe of the haoreased 
length given to the whole apparatus. 
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the last face ef the prism nearest the small telescope. All the pencils therefore which 
emei^ from the prism are, by the motion of the telescope, caused to fall nearly centri- 
cally upon its object-glass. The micrometer screw has 50 threads to an inch ; and 
each revolution is read to the hundredth part, by the divisions engraved upon the head. 
This gives a scale of about 1800 parts to the interval between the lines A and H of the 
solar spectrum. During the whole of the observations the same part of the screw has 
been used ; and the measures being relative, the inequalities, if any, in the thread of this 
part of the screw do not affect the accuracy of the results. The eye lens for reading the 
divisions of the micrometer-screw is shown at a. 

The mirror y receives the light to be compared with that of the star-spectrum, and 
reflects it upon the prism e, in front of the slit d. This light was usually obtained from 
the induction spark taken between electrodes of different metals, fragments or wires of 
which were held by a pair of small forceps attached to the insulating ebonite clamp 
r. Upon a moveable stand in the observatory was placed the induction coil, already 
described by one of us*, in the secondary circuit of which was inserted a Leyden jar, 
having 140 square inches of tinfoil upon each of its surfaces. The exciting battery, 
which, for the convenience of being always available, consisted of four cells of Smee’s 
construction, with plates 6 inches by 3, was placed without the observatory. Wires, in 
connexion with this and the coil, were so arranged that the observer could make and 
break contact at pleasure without removing his eye from the small telescope. This was 
the more important since, by tilting the mirror /j it is possible, within narrow limits, 
to alter the position of the spectrum of the metal relatively to that of the star. An 
arrangement is thus obtained which enables the observer to be assured of the perfect 
correspondence in relative position in the instrument of the stellar spectrum and the 
spectrum to be compared with it. 

5. The satisfactory performance of this apparatus is proved by the very considerable 
dispersion and admirably sharp definition of the known lines in the spectra of the sun 
and metallic vapours. When it is directed to the sun, the line D is sufiiciently divided 
to permit the line within it, marked in Kirchhofp’s map as coincident with nickel, to 
be seen. The close groups of the metallic spectra are also well resolved. 

When this improved apparatus was directed to the stars, a large number of fine lines 
was observed, in addition to those that had been previously seen. In the spectra of all 
the brighter stars which we have examined, the dark lines appear to be as fine and as 
numerous as they arc in the solar spectrum. The great breadth of the lines in the 
green and more refrangible parts of Sirius and some other stars, as seen in the less per- 
fect form of apparatus which was first employed, and which band-like appearance was 
80 marked as specially to distinguish them, has, to a very great extent, disappeared ; 
and though these lines are still strong, they now appear, as compared with the strongest 
of the solar lines, by no means so abnormally broad as to require these stars to be placed 
in a class apart. No stars sufficiently bright to give a speefrum have been observed to 

* Philosophical Tnmflaotions, 1864, p. 141. 

3k2 
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be. without lines. The stars admit of no such broad distinctions of classification. Star 
differs from star alone in the grouping and arrangement of the numerous fine lines by 
which their spectra are crossed. 

6. For the convenience of reference and comparison, a few of the more characteristic 
lines of twenty-nine of the elements were measured with the instrument. These were 
laid down to scale, in order to serve as a chart, for the purpose of suggesting, by a com- 
parison with the lines measured in the star, those elements the coincidence of the lines 
of which with stellar lines was probable. 

For the purpose of ensuring perfect accuracy in relative position in the instrument 
between the star-spectrum and the spectrum to be observed simultaneously with it, the 
following general method of observing was adopted: — ^The flame of a small lamp of, 
alcohol, saturated with chloride of sodium, was placed centrally before the object-glass 
of the telescope, so as to furnish a sodium-spectrum. The sodium-spectrum was then 
obtained by the induction spark, and the mirror y was so adjusted that the components 
of the double line D, which is well divided in the instrument, should be severally coin- 
cident in the two spectra. The lamp was then removed, and the telescope directed to 
the sun, when Fraunhofer’s line D was satisfactorily observed to coincide perfectly with 
that of sodium in the induction-spark. Having thus ascertained that the sodium lines 
coincided in the instrument with the solar lines D, it was of importance to have assurance 
from experiment that the other parts of the solar spectrum would also accurately agree 
in position with those corresponding to them in the spectrum of comparison. When 
electrodes of magnesium were employed, the components of the triple group character- 
istic of this metal severally coincided with the corresponding lines of the group b, 

C and F also agreed exactly in position with the lines of hydrogen ; the coincidence of 
several of the principal lines of iron was also observed. The stronger of the Fraunhofer 
lines were measured in the spectra of the moon and of Venus, and these measures were 
found to be accordant with those of the same lines taken in the solar spectrum. 

Before commencing the examination of the spectrum of a star, the alcohol-lamp was 
again placed before the object-glass of the telescope, and the correct adjustment of the 
apparatus obtained with certainty. The first observation was whether the star contained 
a double line coincident with the sodium line D. When the presence of such a line 
had been satisfactorily determined, we considered it sufficient in subsequent observations 
of the same star to commence by ascertaining the exact agreement in position of this 
known stellar line with the sodium line D. 

Since from flexure of the parts of the spectrum apparatus the absolute reading of the 
micrometer might vary when the telescope was directed to stars differing greatly in alti- 
tude, the measure of the line in the star which was known to be coincident with that of 
sodium was always taken at the copimencement and at the end of each set of measures. 
The distances of the other lines from this line, and not the readings of the micrometer, 
were then finally registered as the measures of their position ; and these form the numbers 
given in the Tables, from which the diagrams of the star-spectra have been laid down. 
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The very close approximation*, not unfrequently the identity, of the measures 
obtained for the same line on different occasions, as well as the very exact agreement of 
the lines laid down from these measures with the stellar lines subsequently determined 
by a direct comparison with metallic lines the positions of which were known, have 
given the authors great confidence in the minute accuracy of the numbers and drawings 
which they have now the honour of laying before the Society. 

§ III. Ohaervations on the Moon and Planets. 

7. It is well known that in the solar spectrum many additional remarkable lines 
make their appearance when light from the sun seen near the horizon reaches the 

^ observer, after having traversed a much greater length of our atmosphere than when the 
sun is viewed at greater altitudes. This circumstance suggested to us the importance 
of a careful examination of the solar light after reflexion from the moon and planets, in 
reference to the extent and analogous constitution of atmospheres possibly surrounding 
these bodies. As far as practicable, the spectra of the moon, Venus, Mars, Jupiter, 
and Saturn have been observed on several occasions with this special object in view. 

8. The Moon . — All the astronomical phenomena in which we should expect to dis- 
cover indications of an atmosphere about the moon, if such exist, agree in proving the 
non-existence of a lunar atmosphere of sensible amount. From the absence of appre- 
ciable refraction at the moon’s limb, and from the sudden extinction during a total 
lunar eclipse of stars of even the tenth and eleventh magnitude at the limb of the moon, 
“ we are,” writes Sir John Herschel, “ entitled to conclude that no amount of appre- 
ciable vapour is suspended near the surface of the moon, and .... the non-existence of 
an atmosphere at the moon’s edge having the 1980th part of the density of the earth’s 
atmosphere ”f. 

As by direct observation we know that the solar light is reflected from the surface of 
the moon, the light which reaches the earth after having undergone this reflexion must 
have passed through a length of lunar atmosphere, if such exist, at least equal to double 
the height of such atmosphere above that surface of the moon which is visible to us. 
From some parts of the moon, when the whole or a large part of its illuminated surfree 
is turned towards the earth, the length of the column of lunar atmosphere which the 
solar light would have to traverse would be consideral)ly greater. 

The examination of lunar light by the spectroscope, and the comparison of the light 
reflected from different portions of the moon’s illuminated surface with each other by 
this method, would take place under conditions favourable to the detection of an atmo- 
sphere of considerable extent, if such exist. 

The moon was examined by us on April 12 md November 26, 1862, March 31 and 

« 

* These meamres, on repeated observation, seldom varied more than a single division of the scale, or 
olthe distance between A and H. 

t Outlines of Aslmnomy, 7th edition, par. 431, p. 284. See also a paper by Professor Ceiujs in the 
H<mthly Notices of the Boy. Astron. Soo., vol. xziU. p. <264, June 1863. 
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December 31, 1863, March 15 and 10, and April 12, 1864. The solar lines were per- 
fectly well seen, appearing exceedingly sharp and fine. The line D was well divided, 
and its components were observed to coincide with those of sodium. Coincidence of 
the magnesium group with the three lines forming b was also observed. The lunar 
spectrum is indeed full of fine lines, and they were well seen from B to about halfway 
between G and H. On all these occasions no other strong lines were observed than 
those which are visible in the solar spectrum when the sun has a considerable altitude. 

Previously to the observations of March 16 and 19 and April 12, 1864, the appa* 
ratus was directed to the sun when near the horizon, . and the relative positions and 
characteristic appearances of the atmospheric linos in the orange and red were carefully 
observed. These portions of the spectrum were closely scrutinized when the moon’s^ 
light was afterwards examined ; but no indication of similar lines could be detected. On 
each of the three evenings just mentioned successive portions of the moon’s illuminated 
surface from the centre to the circumference were brought before the slit of the spec- 
trum apparatus. The quantity of light from difierent parts was observed to be very 
different, but not the smallest change in the lines of the spectrum could be perceived, 
either in respect of relative intensity or the addition or disappearance of any lines*. 

The result of this spectrum analysis of the light reflected by the moon is wholly 
negative as to the existence of any considerable lunar atmospheref . 

9. The Planets Venus^ Mars^ Jupiter, and Saturn . — ^The very sensible and rapidly 
changing appearances of the disk of Jupiter, other than those due to the rotation of the 
planet, present very strong evidence of the existence of a very considerable atmosphere 
about Jupiter. The same, though in a much less marked degree, is probably true of 
Saturn and Mars. In addition, the diminished brightness of the disk of Jupiter near 
the periphery supports the inference that an atmosphere exists about that planet. 

The planet Jupiter was observed on April 12, 1862, and April 14 and May 1, 1863. 

[With the spectrum apparatus described at page 421, the spectra of particular and very limited regions of 
the i^oon’s surface can be examined. The opening of the slit of the apparatus corresponding to a spectrum that 
can bo separately observed is about j inch x jigQ inch. The image of the moon formed by the object-glass 
of the telescope has a diameter of 1*04 inch. Practically it is foimd that the light reflected firom an area upon 
the surface of the moon of about one-third that of Tycho can be analyzed in the instrument. 

The particular spot of the moon’s siuface under observation can be ascertained by means of the finder attached 
to the telescope. Por this purpose, however, a special set of wires, accurately adjusted, and an eyepiece of 
considerable power are necessary. When the part of the moon’s surface under observation presents marked 
inequalities of illumination, the spectra of these differently illuminated portions can be easily recognized by the 
differences in their comparative brightness. In these observations the cylindrical lens may be removed. — 
August 31, 1864.] ^ 

t [A remarkably favourable opportunity of observing the effect upon the solac spectrum of tzansmission 
through a very large extent of the earth’s atmosphere presents itself on tiie occasion of an eclipse of the moon. 
We had pieparadions to observe the copper-coloured light reflected from the moon duiing the eclipse of 
Juno 1, 1863. The small altitude of the moon on this occasion rendered the observation impossible, Atom fiie> 
circumstance that the eye end of the telescope, increased in length by the spectrum apparatus, cane toe near 
the wall of the observatory. — August 31, 1864.] 
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The solar lines B, C, D, E, F, and G were seen, with numerous fine intermediate lines, 
and D, E, and F were measured ; but no marked lines other than those usually pre- 
sent in the solar spectrum were detected. 

[Since these observations were made, we have had a spectrum apparatus constructed 
by Mr. Browning, optician, of the Minories, which is similar in general arrangemen’t to 
that already described, but possesses much less dispersive power. In this apparatus the 
cylindrical lens, the collimating lens, and the object-glass of the small telescope corre- 
spond exactly in diameter and in focal length with those of which a description has 
been given ; but the eyepiece of the telescope is of less power, and has a magnifying 
power of about three diameters. A second eyepiece was occasionally used, magnifying 
♦nine diameters. Two prisms are employed; one has a refracting angle of 35°, the other 
a refracting angle of 45“ 

With this apparatus, in the spectrum of Jupiter a strong line in the red is seen 
which is scarcely distinguishable vnth the more powerful instrument, and was from this 
cause overlooked in our earlier observations. The remarkable increase of visibility of 
this line is due to the much greater brilliancy of the spectrum in this apparatus ; and 
this is much more than inversely proportional to the diminution of the dispersion, since, 
on account of the greatly reduced obliquity of incidence, the loss of light at the surfaces 
of the prisms by reflexion is much less. This saving of light in the spectrum apparatus 
is of very great importance in observations of the planetary spectra. The image of a 
planet in the telescope is not a point, but forms a disk of considerable magnitude rela- 
tively to the image of a star. Of this image, enlarged in one direction by the cylindrical 
lens, a veiy narrow section only, corresponding to the breadth of the slit, passes on 
through the collimating lens to the prisms ; and this portion only of the total light 
collected by the object-glass becomes available to form the spectrum. On this account 
we have found the observations of the planets much more difficult than would be obser- 
vations of stars possessing an equal apparent brilliancy. 

This band of which we are now speaking in the spectrum of Jupiter occurs in a rather 
obscure part of the spectrum ; moreover, by the instrument of greater dispersive power, 
it appears to be resolved into two or more lines, which are severally very faint, and are 
less visible than a single stronger line. The altitude of Jupiter being small (about 22“ 
above fhe horizon) at the time of observation, it was of great importance to have satis- 
factory evidence that this band was not due to absorption by our atmosphere. 

On June 16, 1864, the moon and Jupiter being near each other in the sky, the oppor- 
tunity was seized to compare directly the moon’s light with that of Jupiter under precisely 
similar conditions of atmosphere. The observations of this evening were decisive in 
showing that this band in the spectrum of Jupiter was due to a modification suffered by 
the solar light before reaching our atmosphere, and therefore due probably to absorp- 
tion by the atmosphere of Jupiter. 

On June 20, and on July 12 and 14, an observation stiU more crucial was obtained. 
The length of the opening of the slit is much greater than the diameter of the tele- 
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Bcopic image of Jupiter, even after elongation by the cylindrical lena If, therefore, at 
the time of observation the light from the sky is sufficiently intense to form a visible 
spectrum, the spectrum of the sky is seen in the instrument together with the spectrum 
of Jupiter, and much exceeding it in breadth. When the period is so chosen that the 
degfee of illumination of the sky is suitable in proportion to the intensity of the light 
of Jupiter, the solar lines and those due to our atmosphere are well seen in close con* 
tiguity with the lines in the spectrum of Jupiter, and occupying exactly similar relative 
positiona The sky-spectrum is seen under precisely similar conditions of altitude and 
of state of atmosphere. To the light of Jupiter under these circumstances of observa- 
tion is added the light reflected from the small area of sky immediately between the 
observer and the planet. This light is, however, too faint in proportion to that of 
Jupiter to become a source of error. In the diagram, fig. 3, Plate X., the position 
of this band is shown relatively to the spectrum of the sky. The band at 914 of the 
scalQ appears to be coincident with, but much stronger than, a faint band un the sky- 
spectrum. This increase in the strength of the band is probably due to an absorptive 
action exerted by the atmosphere of the planet. 

The bands at 882 and 1033 of the scale are less intense in the spectrum of Jupiter 
than in the spectrum of the light of the sky. This variation of intensity is probably 
due to the circumstance that the light from the southern sky, before it is reflected to the 
observer, on account of the position of the sun, which is then near the horizon, has had 
to traverse a very much larger amount, and a more dense portion, of our atmosphere 
than that traversed by the light ‘received from Jupiter. It is in accordance with this 
explanation that these bands are also less intense in the spectrum of the moon when 
similarly compared with those of the sky. 

Other lines less refrangible were perceived in the spectrum of Jupiter, but were not 
sufficiently distinct to be measured. The bands in the orange and the red to which we 
have referred, when examined in the spectrum apparatus of greater dispersive power, 
and with a much stronger illumination by directing the apparatus to the sun when near 
the horizon, are resolved into groups of lines. The stronger of these lines are repre- 
sented in the upper spectrum of the diagram. The relative position of the band in the 
red due to lines of oxygen and nitrogen when the induction spark is taken in air, is 
shown below the spectrum of Jupiter. This band is in a small degree more refrangible 
than the strong band due to Jupiter. 

If this band, at 914 of the scale, in Jupiter’s spectrum consists of lines severally coin- 
cident with the lines composing the faint atmospheric band with which it appears to 
correspond in position, it would seem entitled to be regarded as an evidence of the 
similarity of Jupiter’s atmosphere with our own, with respect at least to one of its con- 
stituents, or to one of the vapours difliised through it. The smaller intensity of the 
bands 882 and 1033 would appear to oppose the supposition that Jupiter’s atmosphere 
is identical with our own. This negative evidence, however, cannot be regarded as of 
much weight, sinc^ ^lescopic observations show that the light which we receive from 
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Jupiter is for the most part reflected from clouds floating in its atmosphere at an eleva* 
tion above the planetary surface. The solar light, therefore, would not traverse the lower 
and denser portions of Jupiter’s atmosphere, corresponding to those of our own atmo- 
sphere in which the vapours, which probably produce these lines, appear to be chiefly 
present. The band about C, and that a little more refmngible at 838 of the scale, 
appear quite as strong in Jupiter as in the light from the sky. It may therefore be 
supposed that these bands are in part due to absorption at Jupiter, since the light from 
Jupiter suffers less absorption from our atmosphere than does the solar light reflected 
from the sky under the circumstances in which the observations were made. 

With the exception of these bands in the orange and the red, the spectrum of 
Jupiter appeared to correspond exactly with that of the sky. — ^August 31, 1864.] 

Saturn was observed on April 12, 1862, April 14, 1863, and April 12, 1864. Several 
solar lines were seen, but the spectrum was too faint to permit of any satisfactory deter- 
mination as to the presence or absence of atmospheric lines. 

[The spectrum of Saturn was observed with the apparatus and in the manner described 
when speaking of Jupiter, on June 13, 16, and 20. The spectrum was more difflcult of 
observation, on account of the feebler brilliancy of Saturn, and its less favourable posi- 
tion. Bands in the red and orange were seen similar to those in the spectrum of Jupi- 
ter, and by measurement these bands were found to occupy positions in the spectrum 
corresponding to those of the bands of Jupiter. — August 31, 1864.] 

The spectrum of Mars wa» observed on November 6, 1862, and April 17, 1863. The 
principal solar lines were seen, and no other strong lines were noticed. 

[On August 10 and 29, 1864, we re-examined Mars, using the new spectrum apparatus. 
No lines in the red, similar to those of Jupiter and Saturn, were observed ; but in the 
extreme red, probably about B and a, two or three strong lines were seen. With the 
exception of these, no lines were detected in the red, orange, yellow, and green portions 
of the spectrum, other than those of the solar spectrum. At about F the brilliancy of 
the spectrum diminishes in a remarkable manner, in consequence of a series of strong 
and nearly equidistant bands, which commences at F and continues towards the more 
refrangible end as far as the spectrum can be traced. The absorption of these bands is 
evidently the cause of the predominance of the red rays in the light of this planet. 

The spectrum apparatus of greater power resolves these bands in the blue into groups 
of lines. — ^August 31, 1864.] 

The light of Venus gives a spectrum of great beauty. The observations were chiefly 
made oh April 17, 22, and 26, 1863. The line D was seen double. B, C, and nume- 
rous solar lines to a little distance beyond G, were distinctly visible ; and the principtd of 
these were measured and found to agree with corresponding lines in the solar spectrum, 
lines other than these, and in the position in which the stronger atmospheric lines pre- 
sent themselves, were carefully looked for, but no satisfactory evidence of any such lines 
has been .obtained* Venus was observed as early in the evening as possible, and while 
a considerable amount of daylight still remained. 
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The imperfect evidence which analysis by the prism affords of the existence of atmo- 
spheres around these planets, notwithstanding the high probability, amounting almost 
to certainty in the case of Jupiter, that such atmospheres do exist, may receive an ex- 
planation in the supposition that the light is chiefly reflected, not from the planetary 
surfaces, but from masses of cloud in the upper strata of their atmospheres. In this 
case the length of atmosphere which the light would have to traverse would be con- 
siderably lessened. With perhaps the exception of Mars, telescopic observations are in 
favour of such a supposition. 

J IV. Observations on the Fixed Stars. 

10. The number of fixed stars which we have, to a greater or less extent, examined 
amounts to nearly 50. We have, however, concentrated our efforts upon three or four 
of the brighter stars, and two only of these have been mapped with any degree of com- 
ple^ness. These spectra are, indeed, as rich in lines as that of the sun, and even with 
these it may be advantageous to compare the spectra of additional metals when the season 
is again favourable. The few really fine nights that are available whilst the star is well 
situated for such observations, in respect of altitude and the time of sun>setting, neces- 
sarily make the complete investigation even of a single star the work of some years. 

11. Aldebaban (a Tauri) (Plate XL). — ^The light of this star is of a pale red. When 
viewed in the spectroscope, numerous strong lines are at once evident, particularly in 
the orange, the green, and the blue portions. The positions of about seventy of these 
lines have been measured, and their places have been given in the Table. Besides these, 
numerous other strong lines are visible, particularly in the blue, but they have not been 
measui'ed, owing to the feebleness of the light ; we have therefore not inserted them in 
the Table or in the diagram. A similar remark is applicable also to the results of our 
examination of a Orionis and /3 Pegasi. 

We have compared the spectra of sixteen of the terrestrial elements by simultaneous 
observation with the spectrum of Aldebaran, of course selecting those in which we had 
reason, from the observations, to believe coincidence was most likely to occur. Nine of 
these spectra exhibited lines coincident with certain lines in the spectrum of the atar. 
They are as follows: — sodium, magnesium, hydrogen, calcium, iron, bismuth, tellurium, 
antimony, and mercury. 

(1 ) Soditm. — ^The double line at D was coincident with a double line in the stellar 
spectrum. 

(2) Magnmvm. — ^The three components of the group at from electrodes of the 
metal, were coincident with three lines in the star-spectrum. 

(3) Hydrogen.-^T\iQ line in the red corresponding to C, and the line in the green cor- 
responding to P in the solar sp^trum, were coincident with strong Hnes in the spectrum 
of Aldebaran. 

(4) Calcivm. — ^Electrodes of the metal were used ; four lines in its spectrum were 
observed to coincide with four of the stellar lines. 
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(6) — ^The lines in the spectrum of this metal are very numerous, but not remark- 

able for intensity. There was a double line corresponding to £ in the solar spectrum, 
and three other more refrangible well-marked lines coincident with lines in the star. 

(6) Bismuth . — Four strong lines in the spectrum of this metal coincided with four in 
the star-spectrum. 

(7) Tellurium . — In the spectrum of this metal also four of the strongest lines coin- 
cided with four in the spectrum of the star. 

(8) Antimmy . — ^Three of the lines in the spectrum of antimony were observed to coin- 
cide with stellar lines. 

(9) Mercury . — ^Four of the brightest lines in the mercury-spectrum correspond in 
position with four lines of the star. 

It must not be supposed that other lines in all the spectra of the elements above 
enumerated do not possess corresponding lines in the star-spectrum. Comparisons of 
this kind are extremely fatiguing to the eye, and are necessarily limited to the stronger 
lines of each spectrum. In no case, in the instances above enumerated, did we find any 
strong line in the metallic spectrum wanting in the star-spectrum, in those parts where 
the comparison could be satisfactorily instituted. 

Seven other elements were compared with this star, viz. nitrogen, cobalt, tin, lead, cad- 
mium, lithium, and barium. No coincidence was observed. With nitrogen three strong 
double lines were compared, with cobalt one strong single line and a double line, with 
Un five lines, with lead two strong lines, with cadmium three lines, with barium two of 
the strongest in the green, and with lithium the line in the orange, but were found to 
be without any strong lines in the star-spectrum corresponding with them. The positions 
of these several lines relatively to the star-spectrum are given in the diagram. 

12. « Obionis (Betelgeux) (Plate XI.). — ^The light of this star has a decided orange 
tinge. None of the stars which we have examined exhibits a more complex or remark- 
able spectrum than this. Strong groups of lines are visible, especially in the red, the 
green, and the blue portions. In the blue comparatively few of these lines have been 
measured with accuracy ; we have therefore not inserted them in the Table or the dia- 
gram. We have measured the position of about eighty lines in the brighter portions of 
this spectrum. 

In the interval between the divisions 890 and 920 of the scale adopted in the diagram, 
is a shading as of fine lines. A fainter shading of the same character is observed between 
990 and 1010, also from 1050 to 1069. A stronger similar shading occurs from 1145 
to 1170, and from 1280 to 1800. A similar shaded band commences at 1420, and 
another at 1557. 

The spectra obtained from sixteen elementary bodies were .observed simultaneously 
with the spectrum of a Orionis. In five of these, viz. sodium, magnesium, calcium, iron, 
and bismuth, lines corresponding with certain stellar lines were found to exist. 

(1) iSbditffTi.— ^The lines coincident with D are fainter in this star than in Aldebaran. 

(2) Decided group of three stellar lines coincident with the group at A 

3l2 
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(3) Calcium . — Four lines of this metal were on two different occasions seen to be 
coincident with four lines in the spectrum of the star. 

(4) Iron . — The double line of this metal at E, and three other more reffangible bright 
lines, coincide with lines in the star-spectrum. 

(6) Bismuth . — In the spectrum of this metal also four lines were found to coincide 
with four in the stellar spectrum. 

Thallium . — ^The bright green line so characteristic of this metal appears to coincide 
with one of the lines seen in the star-spectrum ; but this line may be due to calcium, 
since the small difference between the position of the thallium line and that of one of 
the calcium lines very close to it would not be distinguishable with the dispersive power 
of the apparatus employed. 

^In the spectra of the other elements which we compared with that of the star, no 
coincidences occur. 

Hydrogen . — There is no line coincident with the red line C of hydrogen ; but in the 
star are two strong lines, one on either side of the position of C : there is also no line 
coincident with F. It is strikingly confirmatory of this method of analysis, that in all 
the stars hitherto examined by us in which a line corresponding to C exists, that corre- 
sponding to F is also found. When F is absent, C is also wanting. 

In nitrogen three strong double lines were compared. In tin five lines, and in lead 
two bright lines were compared, but no coincidence was found. 

Cold. — ^I'he strongest of the gold lines approximates closely in position to one in the 
spectrum of the star, but it is probably not coincident. 

Three of the strong lines of cadmium^ two of silver ^ four of mercury ^ two of harium, 
and one (the orange line) of lithium were observed to be not coincident with any of the 
lines visible in the star. In these comparisons, when barium was used, it was employed 
in the form of a nearly solid amalgam. 

The opening of the slit was maintained at the same width (not more than the T^th 
of an inch) for all the observations, both with Aldebaran and u Orionis. In the case of 
the fainter star which follows, it was very slightly widened. 

18. ^ Feoasi. ^The colour of this star is a fine yellow. In the general arrangement 
,of the groups, in the gradation of the strength of the lines composing the groups, and 
in the absence of the hydrogen lines, this spectrum, though much fainter, is closely 
analogous with the spectrum of « Orionis, as figured in the Plate. 

This star was carefully observed on many different occasions ; but the faintness of the 
star, and the unfavourable state of the atmosphere on many of the nights of observa- 
tion, did not permit the same number of lines to be measured, nor allow a comparison 
with an equal number o^terrestrial elements. From November 10, 1862, when twelve 
lines were observed, to the present year, we have scrutinized the star carefully. 

Nine of the elements were compared with the spectrum of j3 Pegasi. Two of these, 
viz. sodium and magnesium^ and perhaps a third, viz. barium^ furnish spectra in which 
there are lines which coincide with lines in the spectrum of the star. 
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The spectra of iron and manganese were also compared with that of the star, but the 
state of the atmosphere prevented any certain conclusion. 

The lines in the spectra of nitrogen^ tin, and mercury were not coincident with any 
definite lines in the star-spectrum. Neither of the hydrogen lines corresponding to C 
and F was present. 

At the end of the paper we have given a Table of such measures of the lines in the 
spectrum of this star as we can depend upon. Although it appears to be as full of lines 
as either of the preceding stars, the observations are attended with great difficulty, 
owing to the insufficient amount of light. 

The absence in the spectrum of a Orionis, and also in the spectrum of j3 Pegasi, which 
so closely resembles it in character, of lines corresponding to those of hydrogen, is an 
observation of considerable interest. It is of the more importance since the lines C and 
F are highly characteristic of the solar spectrum and of the spectra of by far the larger 
number of the fixed .stars to which our observations have been extended. 

These exceptions are further interesting as they seem to prove that the lines C and F 
are due to the luminous bodies themselves. Of this some doubt might be entertained, 
and it might be suspected that they are in some way due to our own atmosphere, if 
these lines were present in the spectra of all the stars without exception. 

This absence of the lines corresponding to hydrogen is also the more entitled to con- 
sideration since it is so rare to find them wanting, amongst the considerable number of 
stellar spectra which we have observed. 

14. Sirius. — ^The spectrum of this brilliant white star is very intense ; but owing to 
its low altitude, even when most favourably situated, the observation of the finer lines is 
rendered very difficult by the motions of the earth’s atmosphere. For the present we 
do not give any details of our measures. The lines in the green and blue appeared, in 
the less perfect form of spectroscope which we employed in the early part of 1863, of 
very great breadth, and were so figured in the diagram of the spectrum of this star given 
in our “Note” of February 1863. With our present instrument, possessing much 
greater dispersive power and a very narrow slit, these bands appear but little broader 
than F and G are at times seen in the solar spectrum. In February 1863, the breadth 
of the band corresponding to F measured 1 J unit of the scale we then adopted ; each 
unit corresponded to 15*5 units of our present scale. The micrometric measurement of 
this line in Sirius, in terms of our present scale, is only 3*7 — that is, only about one- 
seventh of the breadth as seen with the wider slit and a dispersing arrangement having 
little more than one-third of the power of the present apparatus. 

Three if not four elementary bodies have been found to furnish spectra in which lines 
coindde with those of Sirius, viz. sodium, magnesium, hydrog^, and probably iron. 

(1) Sodium . — ^A double line in the star, though faint, coincides in position with the 
line of this metal. 

(2) Magnesium.-— ‘Three lines in the star-spectrum coincide with the triple group of 

magnesium. ^ 
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{^) Hydrogm.^^’BoiOi the lines corresponding to F and C have intensely strong lines 
in the star-spectrum. 

(4) irow.— -No direct comparison with this metal was made ; but the cross wires haTing 
been set to a position corresponding with £ of the solar spectrum, a faint line in the 
star was seen exactly to bisect the wires when the telescope was turned upon Sirius. 

The whole spectrum of Sirius is crossed by a very large number of faint and fine 
lines. 

It is worthy of notice that in the case of Sirius, and a large number of the white stars, 
at the same time that the hydrogen lines are abnormally strong as compared with the 
solar spectrum, all the metallic lines are remarkably faint. 

On the 27th February, 1863, and on the 3rd of March of the same year, when the 
spectrum of this star was caused to fall upon a sensitive collodion surface, an intense 
spectrum of the more refrangible part was obtained. From want of accurate adjust- 
ment of the focus, or from the motion of the star not being exactly compensated by the 
clock movement, or from atmospheric tremors, the spectrum, though tolerably defined 
at the edges, presented no indications of lines. Our other investigations have hitherto 
prevented us from continuing these experiments further ; but we have not abandoned 
our intention of pursuing them. 

16. a Lyr.® (Vega). — ^This is a white star having a spectrum of the same class as 
Sirius, and as full of fine lines as the solar spectrum. Many of these we have measured, 
but our investigation of this star is incomplete. 

We have ascertained the existence, in the stellar spectrum, of a double line at D 
corresponding to the lines of sodium, of a triple line at h coinciding with the group of 
magnesium, and of two strong lines coincident with the lines of hydrogen C and F. 

16. Capella. — ^This is a white star with a spectrum closely resembling that of our 
sun. The lines are very numerous; we have measured more than twenty of them, 
and ascertained the existence of the double sodium line at D, but we defer giving details 
until we have completed our comparison with the spectra of other metals. 

From this star we obtained (on February 27, 1863) a photograph of the more refran- 
gible end of the spectrum ; but the apparatus was not sufficiently perfect to exhibit any 
stellar lines. 

17. Abcjtueus (a Bootis). — ^This is a red star the spectrum of which somewhat resem- 
bles that of the sun. In this also we have measured upwards of thirty lines, and have 
ascertained the existence of a double sodium line at D ; but our comparisons with other 
metallic spectra are not yet complete. 

18. Pollux. — In the spectrum of this star, which is rich in lines, we have measured 
twelve or fourteen, and ]||ave observed coincidences with the lines of sodium, magnesmOf 
and probably of iron* At any rate there is a line which we believe occupies the posi- 
tion of E in the solar spectrum. 

a Cygni and Procyon are both full of fine lines. In each of these spectra we observed 
a double line coincident with the sodium D. 



THE SPECTRA OF SOME OP THE FIXED STABS. 


42d 

19. The following stars have ^so been observed: numerous lines are seen in the 
spectrum of each ; and in some, several of the lines were measured ; but we have not 
instituted any comparisons with the metallic spectra as yet. 

Castor \ I, and n Ureas majoris; cc and i Pegasi; |3, and y Andromedas, the last 
an interesting spectrum ; Migel^ a spectrum full of fine lines ; e Orionis ; oe Trianguli ; 
y and t Cygni; a, /3, y, s, BXLd.n.Cassiopeias; y Oeminorum; /3 Canis rmjms; (3 Cants 
minoris ; Sptca ; y, and < Virginia ; a Aguilce ; Cor Caroli ; /3 Aurigm ; Megulus ; /3, y, 

s, and n Leonis. 

§ V. General Ohservations. 

20. On the Colmrs of the Stars. — ^From the earliest ages it has been remarked that 
certain of the stars, instead of appearing to be white, shine with special tints ; and in 
countries where the atmosphere is less humid and hazy than our own, this contrast 
in the colour of the light of the stars is said to be much more striking. Various 
explanations of the contrast of colours, by Sestini and others, founded chiefly on the 
difference of the wave-lengths corresponding to the different colours, have been at- 
tempted, but as yet without success. Probably in the constitution of the stars as 
revealed by spectrum analysis, we shall find the origin of the differences in the colour 
of stellar light*. 

Since spectrum analysis shows that certain of the laws of terrestrial physics prevail in 
the sun and stars, there can be little doubt that the immediate source of solar and stellar 
light must be solid or liquid matter maintained in an intensely incandescent state, the 
result of an exceedingly high temperature. For it is from such a source alone that we 
can produce light even in a feeble degree comparable with that of the sun. 

The light from incandescent solid and liquid bodies affords an unbroken spectrum 
containing rays of light of every refrangibility within the portion of the spectrum which 
is visible. As this condition of the light is connected with the state of solidity or 
liquidity, and not with the chemical nature of the body, it is highly probable that the 
light when first emitted from the photosphere, or light-giving surface of the sun and 
of the stars, would be in all cases identical. 

The source of the difference of colour, therefore, is to be sought in the difference of 
the constituents of the investing atmospheresf . The atmosphere of each star must 

* In connexion with this subject we quote the following passage from Shtth’s * Speculum Hartwellianum/ 
4to, f!B60, p. 315 : — ** Sir Dayid Bbbwstbb observes that there can be no doubt that in the spectrum of every 
coloured star certain rays are wanting which exist in the solar spectrum ; but wo have no reason to believe that 
these defective rays are absorbed by any atmosphere through which they pass. And in recording the only 
observation perhaps yet made to analyze the light of the coloured stars, he says, ' In the orange-coloured star of 
the double star ( Herculis, I have observed that there are several defective bands. By applying a fine rock- 
salt prism, with the largest possible refracting angle, to this orange star, as seen in Sir Jauxs South’s great 
achromatic refractw, its spectrum had the annexed appearance [in the Campden Hill Journal], dearly showing 
that there was one defective band in the red space, and two or more in the blue space. Hence the colour of 
the star was orange, because there was a greater defect of blue than of red rays.’ ” 

i* The presence in the atmo^heres of Aldebaran and a Orionis of metals, such as iron, which require an 
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vary in nature as the constituents of the star vary ; and observation has shown that the 
stars do differ from the sun and from each other in respect of the elements of which 
they consist. The light of each star therefore will be diminished by the loss of those 
rays which correspond in refrangibility to the bright lines which the constituents 
of each atmosphere would, in the incandescent state, be capable of emitting. In pro- 
portion as these dark lines preponderate in particular parts of the spectrum, so will the 
colours in which they occur be weaker, and consequently the colours of other refrangi- 
bilities will predominate. 

Of this the spectrum of a Orionis affords a good example. The green and blue parts of 
the spectrum are comparatively dark, from the numerous and close groups of dark lines. 
In the orange they are less strong. Hence it might be anticipated that the light of the 
star would be characterized by “ an orange tinge,” as noted by Smyth. j3 Pegasi is 
described by Smyth as “deep yellow;” and the appearance exhibited by its spectrum, 
which closely resembles that of a Orionis, though much fainter, supports the same 
view. 

Aldebaran is recorded by Smyth as of a “ pale rose tint.” In the spectrum of this star, 
with the exception of the hydrogen line C, there are but few strong lines in the red, 
whilst the orange portion is considerably subdued by dark lines, which are less nume- 
rous in the green and blue. Sirius, on the contrary, is “ brilliant white ” (Smyth); and 
the continuous brightness of the spectrum, with the exception of five strong lines, is, as 
compared with Aldebaran and a Orionis, unaffected by the dark lines which cross it. 
The spectrum is indeed crowded with numerous fine lines ; but the intensity of these 
lines is extremely feeble as contrasted with those of the stars just mentioned. It may 
be that the length of the stellar atmosphere through which the light passes is less, 
relatively to the intensity of radiation from the photosphere, and so is insufficient to 
produce lines of the same degree of blackness as would be produced if the atmosphere 
were denser. The great intensity, however, of the light of Sirius would rather lead to 
the conclusion that the atmosphere of vapours is itself highly incandescent. If so, 
might it not to some extent replace with its own light, the light which it has absorbed 
from the photosphere behind it ? It matters little, however, for the present purpose, 
whether or not either of these suppositions be adopted. There is at all events a most 
striking difference between the effect on the colour of the star of the closely grouped 
and very dark lines in the green and blue portions of the spectrum of a Orionis and of 
the corresponding portion of the spectrum of Sirius, in which the dark lines are faint 
and wholly unequal to produce any noticeable subduing of the blue and green rays. 

We have not yet had an opportunity of testing by experiment whether this hypo- 


excoedingly high temperature to convert them into vapour, renders untenable the supposition, which might 
otherwise have been entertained, that the orange and red tints of the light of these stars might be due to an 
inferior degree of incandescence of the photosphere as compared with the temperature of the stars the li^t of 
which is whife. 
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thesis of the origin of the colours of the light of the stars is also applicable to the 
remarkable exceptional class of stars the light of which is of a decided green, blue, or 
violet colour. Such stars are usually very small, and they are always so closely approxi- 
mated to other more brilliant stars, that it is scarcely possible, with the apparatus which 
we employ, to obtain separate images of the two spectra : and even were such separation 
easily practicable, the light of the strongly coloured star is usually so feeble that its 
satisfactory prismatic analysis would be a matter of great difficulty. 

[One of the objects proposed in the construction of the spectrum apparatus with 
which the additional observations on Jupiter, Saturn, and Mars were made, and which 
has been described (p. 421) in connexion with those observations, was to make it avail- 
able for the prismatic observation of some double and multiple stars. 

Before commencing the observation of the spectra of the components of a double star, 
it is necessary that the position-angle of the stars should be approximatively known. 
The spectrum apparatus has then to be rotated upon the end of the telescope until the 
direction of the slit becomes perpendicular to a line joining the stars. When the instru- 
ment is in this position, the images of the stars are elongated by the cylindrical lens 
into two short lines of light parallel with the slit, and separated from each other by a 
small interval. If the telescope be now moved in a direction at right angles to that of 
the slit, either of the elongated stellar images can, at pleasure, be made to fall upon the 
slit and form its spectrum in the instrument. By adopting this method of observation, 
the spectra of the components of /3 Cygni were separately examined. These spectra, 
especially that of B, are so faint that the lines are seen with difficulty, and scarcely 
admit of being measured. Since, however, on account of the strongly contrasted colours 
of these stars, considerable interest attaches to a comparative examination of their 
spectra, we have represented in fig. 4, Plate X., the appearances which these spectra 
present to the eye, though we have not yet measured the lines and bands in them. 
These figures must be regarded as eye-estimations only of the general features of the 
two spectra. The spectra contain, doubtless, many other lines ; and the positions of the 
lines inserted in the drawings, with the exception of h and D, were not measured, but 
only roughly estimated. The distinctive characteristics of these spectra are in accord- 
ance with the theory of the origin of the colours of the stars proposed in the foregoing 
paragraphs. In the case of both stars, the portions of the spectrum which correspond 
to the colours which are deficient in the light of the star, are those which are most 
strongly shaded with bands of absorption. Thus in the spectrum of A, the light of 
which is yellow tinted with orange, the absorption is greatest in the violet and blue ; 
for the strong lines in the orange and red, since they are narrow, would diminish in a 
much smaller degree the light of these refrangibilities. The yellow and part of the 
green are free from strong lines. 

The light of the star B appears to us to be blue, though in some states of the atmo- 
sphere the star becomes greenish blue, green, and even greenish white. These changes 
are probably due to the comparatively greater absorptive action of the vapours in the 
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air upon the more refrangible portions of the spectrum ; in proportion to which absorp- 
tion the other parts of the spectrum become relatively exalted, and thus predominate 
more or less in the eye. 

This inequality of the absorptive action of the vapours of the atmosphere upon 
different parts of the spectrum becomes very evident if the eyepiece of the telescope 
be put out of focus (without the focus) so as to bring the blue and red rays to a focus 
in the centre of an expanded image of the star. In the case of B of /3 Cygni, the centre 
appears purple, surrounded with a margin of green. In proportion to the changes in 
the atmosphere by the passage of masses of vapour or thin cloud, will be the variations 
of these colours. The green becomes greener ; but the blue and the violet are affected 
in a much greater degree, at times fading almost completely ; then the colours resume 
their former tints and brightness. Several such changes may sometimes occur during 
one observation. 

The spectrum B observed under conditions of atmosphere in which the colour of the 
star was blue, was remarkable for the faintness of the orange and yellow portions com- 
pared with the rest of the spectrum. The diminished brightness of these parts appears 
to be produced by several groups of closely set fine lines, while towards the more refran- 
gible limit of the spectrum a few strong lines separated by considerable intervals are 
seen. 

The observation of this star, on account of the faintness of its spectrum, is so difficult 
and fatiguing to the eye that we have not been able to examine it more accurately or 
in greater detail. 

We have by the same method of observation examined the spectra of the components 
of 06 Herculis. The spectrum of A is remarkable for the great strength of the groups 
of lines in the green, blue, and violet ; fainter bands arc visible in the yellow and orange, 
also two strong bands in the red. This arrangement of the bands of absorption agrees 
with the orange colour which strongly predominates in the light of this star. 

B is bluish green in colour. The more refrangible portions of its spectrum are 
very bright in consequence of the absence of any strong bands. The yellow and the 
orange parts are crossed by several groups of lines. — August 31, 1864.] 

The suggestive fact that stars of these more highly refrangible colours are always 
observed in close contiguity with much brighter stars, generally of an orange or red tint, 
would afford countenance to the supposition that these exceptional colours are due to 
some special physical conditions essentially connected with the stellar systems of which 
they seem to form a part. 

Arago* remarks, “Among the sixty or eighty thousand isolated stars, the positions 
of which are to be found in the catalogues of astronomers, there are none, I think, 
inscribed with any other indications in regard to colour, than white, red, and yellow. 
The physical conditions which determine the emission of blue and green light appear, 
then, to exist only in nmltiple stars.” 

“ Popular Astronomy, translated by Smtih and Graot, vol. i. p. 295. 
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These stars lare without exception feeble in the intensity of their light The expla- 
nation is not admissible, that the faint blue or violet light is due to a less intense 
incandescence of the radiating surface, sincoi it is precisely these more refrangible rays 
which would be the first to fail as the temperature diminished, and upon this supposi- 
tion the star should be dull red. It is of course to be supposed that in the process of 
gradual cooling some bodies which are less volatile than others would cease to exist in 
the atmosphere at an earlier period than others, or that they might enter into now 
combinations more readily than others, and so modify the tint of the light emitted. 

The existence around these blue stars of an extended atmosphere of “ fog” will not 
explain the absorption of the less refrangible portion of the luminous spectrum. 

21. These spectrum observations are not without interest also when viewed in con- 
nexion with the nebular hypothesis of the cosmical origin of the solar system and fixed 
stars. For if it be supposed that all the countless suns which are distributed through 
space, or at least those of them which are bright to us, were once existing in the con- 
dition of nebulous matter, it is obvious that, though certain constituents may have 
been diffused throughout its mass, yet the composition of the nebulous material must 
have differed at different points ; otherwise, during the act of agglomeration, each 
system must have collected and condensed equal proportions of similar materials from 
the mass around. It cannot be supposed that similarity in physical properties has caused 
the association of the different elements : we find, for example, some of the least volatile 
of the metals, such as iron, associated with highly volatile elements, such as mercury 
and tellurium, in the same star. 

If we may so say, there seems to be some analogy between this irregular distribution 
of the elements in different centres in space, and the manner in which the components 
of the earth’s crust are distributed. Upon the earth there are certain very generally 
diffused elements, such as oxygen, hydrogen, carbon, silicon, iron, aluminium, and 
calcium, which occur in all parts ; whilst there are others which, like silver, tin, letid, 
and other metals, are accumulated at particular points only. Whatever may have been 
the physical causes which may have produced this separation, we see abundant evidence 
of the advantage of this distribution in their application to the purposes of man — small- 
ness in relative amount being compensated for by the accumulation of the material in 
denser deposits, which allow of their comparatively easy extraction to supply the wants 
of mankind. If this arrangement be admitted as designed in the case of the earth, is it 
going beyond the limits of fair deduction to suppose that, were we acquainted with the 
economy of those distant globes, an equally obvious purpose might be assigned for the 
differences in composition which they exhibit % 

22. The additional knowledge which these spectrum observations give us of the nature 
aJ3d of the structure of the fixed stars, seems to furnish a basis for some legitimate specu- 
lation in reference to the great plan of the visible universe, and to the special object and 
design of those numerous and immensely distant orbs of light. 

The closely marked connexion, in similarity of plan and mode of operation, in those 
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parts of the universe which lie Within the range of experiment, and so of our more 
immediate knowledge, renders it not presumptuous to attempt to apply the process of 
reasoning from analogy to those parts of the universe which are more distant from us. 

Upon the earth we find that the innumerable individual requirements which are con- 
nected with the present state of terrestrial activity, are not met by a plan of operation 
distinct for each, but are effected in connexion with the special modifications of a general 
method embracing a wide range of analogous phenomena. If we examine living beings, 
the persistence of unity of plan observable amidst the multiform varieties of special 
adaptation of the vertebrate form of life may be cited as an example of the unity of 
operation referred to. In like manner the remarkably wide range of phenomena which 
are shown to be reciprocjilly interdependent and correlative of each other, by the recent 
great extension of our knowledge in reference to the relation of the different varieties 
of force and their connexion with molecular motion, exhibits a similar unity of opera- 
tion amidst the changes of the bodies which have not life. 

The observations recorded in this paper seem to afford some proof that a similar unity 
of operation extends through the universe as far as light enables us to have cognizance 
of material obj(?cts. Tor we may infer that the stars, while differing the one from the 
other in the kinds of matter of which they consist, are all constructed upon the same 
plan as our sun, and are composed of matter identical, at least in part, with the mate- 
rials of our system. 

The differences which exist between the stars are of the lower order, of differences of 
particular adaptation, or special modification, and not differences of the higher order of 
distinct plane of structure. 

There is tliercfore a probability that these stars, which are analogous to our sun in 
structure, fulfil an analogous purpose, and are, like our sun, surrounded by planets, 
which they by thefr attraction uphold, and by their radiation illuminate and energize. 
And if matter identical with that upon the earth exists in the stars, the same matter 
would also probably be present in the planets genetically connected with them, as is the 
case in our solar system. 

It is remarkable that the elements most widely diffused through the host of stars are 
some of those most closely connected with the constitution of the living organisms of 
our globe, including hydrogen, sodium, magnesium, and iron. Of oxygen and nitrogen 
we could scarcely hope to have any decisive indications, since these bodies have spectra 
of different orders. These forms of elementary matter, when influenced by heat, light, 
and chemical force, all of which we have certain knowledge are radiated from the stars, 
afford some of the most important conditions which we know to be indispensable to the 
existence of living organisms such as those with which we are acquainted. On the 
whole we believe that t^,e foregoing spectrum observations on the stars contribute 
something towards an experimental basis on which a conclusion, hitherto but a pure 
speculation, may rest, viz. that at least the brighter stars are, like our sun, upholding 
and energizing centres of systems of worlds adapted to be the abode of living beings. 
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Table op Stellar Spectra. 
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Communicated by Professor W. A. Miller, M.D., LL.J). 

Received September 8, 1864, and printed in continuation of the paper preceding. 


The concluding paragraphs of the preceding paper refer to the similarity of essential 
constitution which our examination of the spectra of the fixed stars has shown in all 
cases to exist among the stars, and between them and our sun. 

It became therefore an object of great importance, in reference to our knowledge of 
the visible universe, to ascertain whether this similarity of plan observable among the 
stars, and uniting them with our sun into one great group, extended to the distinct 
and remarkable class of bodies known as nebulae. Prismatic analysis, if it could be 
successfully applied to objects so faint, seemed to be a method of observation specially 
suitable for determining whether any essential physical distinction separates the nebulae 
from the stars, either in the nature of the matter of which they are composed, or in the 
conditions under which they exist as sources of light. The importance of bringing 
analysis by the prism to bear upon the nebulae is seen to be greater by the consideration 
that increase of optical power alone would probably fail to give the desired information ; 
for, as the important researches of Lord llossE have shown, at the same time that the 
number of the clusters may be increased by the resolution of supposed nebulae, other 
nebulous objects are revealed, and fantastic wisps and diffuse patches of light are seen, 
which it would be assumption to regard as due in all cases to the united glare of suns 
still more remote. 

Some of the most enigmatical of these wondrous objects are those which present in 
the telescope small round or slightly oval disks. For this reason they were placed by 
Sir William Herschel in a class by themselves under the name of Planetary Nebulae. 
They present but little indication of resolvability. The colour of their light, which in 
the case of several is blue tinted with green, is remarkable, since this is a colour 
extremely rare amongst single stars. These nebulae, too, agree in showing no indication 
of central condensation. By these appearances the planetary nebulae are specially 
marked as objects which probably present phenomena of an order altogether different 
from those which characterize the sun and the fixed stars. On this account, as well as 
because of their brightness, I selected these nebulae as the most suitable for examination 
with the prism. 

The apparatus employed was that of which a description was given at page 421. A 
second eyepiece was used in these observations, having a magnifying power of nine 
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diameters. For the greater part of the following observations on the nebulse, the cylin- 
drical lens is not necessary, and was removed from the instrument. The numbers and 
descriptions of the nebulee, and their places for the epoch 1860, January 0, included 
within brackets, are taken from the last Catalogue of Sir John Hebschel*. 

[No. 4373. 37H. IV, R.A. 17‘‘ 58"* 20-. N.P.D. 23° 22' 9"-5. A planetary nebula ; 
very bright; pretty small; suddenly brighter in the middle, very small nucleua] 
In Draco. 

On August 29, 1864, I directed the telescope armed with the spectrum apparatus to 
this nebula. At first I suspected some derangement of the instrument had taken place ; 
for no spectrum was seen, but only a short line of light perpendicular to the direction 
of dispersion. I then found that the light of this nebula, unlike any other ex-terrestrial 
light which had yet been subjected by me to prismatic analysis, was not composed of 
light of different refrangibilities, and therefore could not form a spectrum. A great 
part of the light from this nebula is monochromatic, and after passing ^through the 
prisms remains concentrated in a bright line occupying in the instrument the position 
of that part of the spectrum to which its light corresponds in refrangibility. A more 
careful examination with a narrower slit, however, showed that, a little more refrangible 
than the bright line, and separated from it by a dark interval, a narrower and much 
fainter line.occurs. Beyond this, again, at about three times the distance of the second 
line, a third, exceedingly faint line was seen. The positions of these lines in the spec- 
trum were determined by a simultaneous comparison of them in the instrument with 
the spectrum of the induction spark taken between electrodes of magnesium. The 
strongest line coincides in position with the brightest of the air lines. This line is due 
to nitrogen, and occurs in the spectrum about midway between b and F of the solar 
spectrum. Its position is seen in Plate Xl.f 

The faintest of the lines of the nebula agrees in position with the line of hydrogen 
corresponding to Fraunhofer’s F. The other bright line was compared with the strong 
line of barium 2075 J: this line is a little more refrangible than that belonging to the 
nebula. 

Besides these lines, an exceedingly faint spectrum was just perceived for a short 
distance on both sides of the group of bright lines. I suspect this is not uniform, but 
is crossed with dark spaces. Subsequent observations on other nebulae induce me to 
regard this faint spectrum as due to the solid or liquid matter of the nucleus, and as 
quite distinct from the b|^ht lines into which nearly the whole of the light from the 
nebula is concentrated. 

In the diagram (fig. 5, Plate X.) the three principal lines only are inserted, for it would 
be scarcely possible to represent the faint spectrum without greatly exaggerating its in- 
tensity. 

The colour of this nebula is greenish blue. 

* Philosophical Tranaactioiu, Part. 1. 1864, pp. 1-138. 
t See also Philosophical Transactions, 1864, p. 156, and Plate I. 


t Ibid. p. 166. 
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[No. 4390. 2000 h.S 6. K.A. IS' 6“ 17‘-8. N.P.D. S^IO" 63'-6. A planetnry nebula; 
very bright ; very small ; round ; little hazy.] In Taurus PoniatowskiL 

The spectrum is essentially the same as that of No. 4873. 

The three bright lines occupy the same positions in the spectrum, which was deter- 
mined by direct comparison with the spectrum of the induction spark. These lines 
have also the same relative intensity. They are exceedingly sharp and well defined. 
The presence of an extremely faint spectrum was suspected. In connexion with this 
it is important to remark that this nebula does not possess a distinct nucleus. 

The colour of this nebula is greenish blue. 

[No. 4514. 2050 h. 73 H. IV. R.A. 19«» 41“ 7»-5. N.P.D. 39® 49' 41"-7. A planetary 
nebula with a central star. Bright ; pretty large ; round ; star of the 11th magnitude in 
the middle.] In Cygnus. 

The same three bright lines were seen. Their positions in the spectrum were verified 
by direct comparison vidth the induction spark. In addition to these a spectrum could 
be traced fFom about D to about G of the solar spectrum. This spectrum is much 
stronger than the corresponding spectrum of 4373. This agrees with the greater bright- 
ness of the central star, or nucleus. The opinion that the faint continuous spectrum is 
formed alone by the light from the bright central point was confirmed by the following 
observation. When the cylindrical lens was removed, the three bright lines remained 
of considerable length, corresponding to the diameter of the telescopic image of the 
nebula ; but the faint spectrum became as narrow as a line, showing that this spectrum 
is formed by light which comes from an object of which the image in the telescope is a 
point. 

Lord Rosse remarks of this nebula, “ A very remarkable object, perhaps analogous 
to H. 450 

The colour of this nebula is greenish blue. 

[No. 4510. 2047 h. 51 H. IV. R.A. 19 ^ 36“ 3-0. N.P.D. 104® 28' 62"-5. A planet- 
ary nebula. Bright ; very small ; round.] In Sagittarius. 

This nebula is less bright than those which have been described. The two brighter of 
the lines were well defined, and were directly compared with the induction spark. The 
third line was seen only by glimpses. I had a suspicion of an exceedingly faint spectrum. 

The colour of this nebula is greenish blue. 

Lord Rosse remarks, “Centre rather dark. The dark part is a little north pre- 
ceding the middle ”f . 

[No. 4628. 2098 h. 1 H. IV. R.A. 20»‘ 56“ 31-2. N.P.D. 101® 55' 4"-8. An 
exceedingly interesting object. Planetary; very bright; small; elliptic.] In Aqua- 
rius. * 

The three bright lines veiy sharp and distinct. They were compared for position 
with the induction spark. Though this object is bright, an indication only of the faint 

• Philosophical Transactions, Part III. 1861, p. 733. For a figure of H. 460 see Philosophical Transactions, 
1850, Plate XXXVIII. fig. 16, 

t Ibid. 1861, Part in. p. 732. 
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spectrum was suspected. This nebula contains probably a very small quantity of matter 
condensed into the liquid or solid state. 

The colour of the light of this nebula is greenish blue. 

Lord Rosse has not detected any central star, nor any perforation, as seen in some 
of the other planetary nebulae. He represents it with ansae, which probably indicate a 
nebulous ring seen edgeways*. 

J;No. 4441 2023 h. 67 M. R.A. IS** 48*** 20^ N.P.D. 67“ S' 67"-2. An annular 
nebula ; bright ; pretty large ; considerably elongated.] In Lyraf . 

The apparent brightness of this nebula, as seen in the telescope, is probably due to 
its large extent, for the faintness of its spectrum indicates that it has a smaller intrinsic 
brightness than the nebulae already examined. The brightest of the three lines was 
well seen. I suspected also the presence of the next in brightness. No indication what- 
ever of a faint spectrum. The bright line looks remarkable, since it consists of two 
bright dots corresponding to sections of the ring, and between these there was not dark- 
ness, but an excessively faint line joining them. This observation makes It probable 
that the faint nebulous matter occupying the central portion is similar in constitution to 
&at of the ring. The bright line was compared with the induction-spark J. 

[No. 4964. 2241 h. 18H. IV. R.A. 23«* 19« 9*-9. N.P.D. 48* 13' 67"-5. Planetary; 
very bright ; pretty small, round, blue.] 

With a power of 600 this nebula appears distinctly annular. The colour of its light 
is greenish blue 5 . The spectrum formed by the light from this nebula corresponds with 
that of 37 H. IV. represented in fig. 6, Plate X. 

* Philosophical Transactions, 1850, p. 507 and Plate XXXVIII. fig. 14. 

t Lord Rosse, in his description of this nehnla, remarks, ** The filaments proceeding from the edge become 
more conspicuous under increasing magnifying power within certain limits, which is strikingly characteristie of 
a cluster ; still I do not feel confident that it is resolvable.^'-^Philosopbical Transactions, 1844, p. 322 and 
Plate XIX. fig. 29, 

In 1850 Lord Rosss further remarks, " I have not yet sketched it with the 6-feet instmment, because I 
have never seen it under favourable circumstances : the opportunities of observing it well on the meridian are 
comparatively rare, owing to twilight. It was observed seven times in 1848. and once in 1849. The only addi- 
tional particulars I collect from the observations are that the central opening has considerably more nebulosity, 
and there is one pretty bright star in it, s. f. the centre, and a few other very minute stars. In the sky round 
the nebula and near it there are several very small stars which were not before seen ; and therefore the stars 
in the dark oponing may possibly be merely accidental In the annulus, especially at the extremities of the 
minor axis, there are several minute stars, but there was still much nebulosity not seen as distinct stars,’*— 
Philosophical Transactions, 1850, p. 506. 

Nothing additional since 1844, except a star s. f. the middle.” — Philosophical Transactions, 1861, p. 732. 
t Already in 1850 Lord Rosas bad discovered a connexion in general plan of sfrnoture between some of the 
nebula) which present small planetary disks in ordinary telescopes, and the annular nebula in Lyra. His words 
are, ** There wore but two annular nebnhe known in the northern hemisphere when &x Jomr. BAbscssl’s 
C atalogue was published ; now there are seven, as we have found that five of the planetaiy nebulm are really 
annular. Of these objects, the annular nebula in Lyra is the one in which the form is the most easily recog- 
nized.” — Philosophical Transactions, 1860, p. 606. 

§ For Lord Rosas’s observations , of this nebula, see Philosophical Transactions, 1844, p. 328; ibid. 1860, 
p. 607 and Plate XXXVIH. fig. 13 ; ibid. 1861, p. 736 and Plate XXX. fig. 40. 
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In the spectrum of this nebula, however, in addition to the three bright lines, a fourth 
bright line, excessively faint, was seen. This line is about as much more refrangible 
than the line agreeing in position with. F as this line is more refrangible than the 
brightest of the lines, which coincides with a line of nitrogen. 

[No. 4532. 2060 h. 27 M. R.A. 19>*53“29*-3. N.P.D. 67° 39U3." Very bright ; very 
large ; irregularly extended. Dumb-bell.] In Vulpecula. 

The light of this nebula, after passing through the prisms, remained concentrated in a 
bright line corresponding to the brightest of the three lines represented in fig. 5, Plate X. 
This line appeared nebulous at the edges. No trace of the other lines was perceived, 
nor was a faint continuous spectrum detected. 

The bright line was ascertained, by a simultaneous comparison with the spectrum 
of the induction spark, to agree in position with the brightest of the lines of 
nitrogen. 

Minute points of light have been observed in this nebula by Lord Kosse, Otto Stbuve, 
and others the spectra of these bright points, especially if continuous like those of 
stars, are doubtless invisible from excessive faintness. 

By suitable movements given to the telescope, different portions of the image of the 
nebula foimed in the telescope were caused successively to fall upon the opening of the 
slit, which was about inch by inch. This method of observation showed that 
the light from different parts of the nebula is identical in refrangibility, and varies alone 
in degree of intensity. 

In addition to these objects the following were also observed : — 

[No. 4294. 92 M. RA. 17»‘ 12“ 66*-9. N.P.D. 46° 43' 31"-2.] In Hercules. Very 
bright globular cluster of stara The bright central portion was brought upon the slit 
A faint spectrum similar to that of a star. The light could be traced from between O 
and D to about G. 

Too faint for the observation of lines of absorption. 

[No. 4244. 60 H. IV. 43“ 6-4. N.P.D. 42° 8' 38"*8. Very bright; large; 

round.] In Hercules. The spectrum similar to that of a ffiint star. No indication of 
bright lines. 

[No. 116. 50 h. 31 M. RA. 0»* 36“ 3-9. N.P.D. 49° 29^ 45"*7.] The brightest part 
of the great nebula in Andromeda was brought upon the slit. 

The spectrum could be traced from about D to F. The light appeared to cease very 
abruptly in the orange; this may be due to the smaRer luminosity of this part of the 
i^ctrum. No indication of the bright lines. 

[No. 117. 61 h. 32 M.. R.A. O*^ 35“ 5-3. N.P.D. 49° 64' 12"*7. Very very bright;, 
large ; rcmnd ; pretty suddenly much brighter in the middle.] 

This small but very bright companion of the great nebula in Andromeda presents a 
spectrum apparently exactly similar' to that of 31 M. . 

The spectrum appears to end abruptly in the orange ; and throughout its leng;th 

3n2 



442 


MR. W. HUGGINS ON THE SPECTRA OF SOME OF THE NEBULJE. 


is not uniform, but is evidently crossed either by lines of absorption or by bright 
lines. 

[No. 428. 66 Androm. RA. I** 44® 66*'9. N.P.D. 49® 67' 41"*6. Fine nebulous 
star with strong atmosphere.] The spectrum apparently similar to that of an ordinary 
star*. 

[No. 826. 2618 h. 26 IV. R.A. 4‘' 7® 60»-8. N.P.D. 103® 6' 32"-2. Very bright clus- 
ter.] In Eridanus. The spectrum could be traced from the orange to about the blue. 
No indication of the bright lines. 

Several other nebulae were observed, but of these the light was found to be too faint 
to admit of satisfactory examination with the spectrum apparatus. 

It is obvious that the nebulae 37 H. IV., 6 2., 73 H. IV., 61 H. IV., 1 H. IV., 67 M., 
18 H. IV. and 27 M. can no longer be regarded as aggregations of suns after the order to 
which our own sun and the fixed stars belong. We have in these objects to do no longer 
with a special modification only of our own type of suns, but find ourselves in the presence 
of objects possessing a distinct and peculiar plan of stinicture. 

In place of an incandescent solid or liquid body transmitting light of all refrangibili- 
ties through an atmosphere which intercepts by absorption a certain number of them, 
such as our sun appears to be, we must probably regard these objects, or at least their 
photo-surfaces, as enormous masses of luminous gas or vapour. For it is alone from 
matter in the gaseous state that light consisting of certain definite refrangibilities only, 
as is the case with the light of these nebulae, is known to be emitted. 

It is indeed possible that suns endowed with these peculiar conditions of luminosity 
may exist, and that these bodies are clusters of such suns. There are, however, some 
considerations, especially in the case of the planetary nebulas, which are scarcely in 
accordance with the opinion that they are clusters of stars. 

Sir John Hersciiel remarks of one of this class, in reference to the absence of central 
condensation, “ Such an appearance would not be presented by a globular space uni- 
formly filled with stars or luminous matter, which structure would necessarily give rise 
to an apparent increase of brightness towards the centre in proportion to the thickness 
traversed by the visual ray. We might therefore be inclined to conclude its real con- 
stitution to be either that of a hollow spherical shell or of a flat disk presented to us 
(by a highly improbable coincidence) in a plane precisely perpendicular to the visual 
ray”f. This absence of condensation admits of explanation, without recourse to the 
supposition of a shell or of a flat disk, if we consider them to be masses of glowing gas. 
For supposing, as we probably must do, that the whole mass of the gas is luminous, 
yet it would follow, by the law which results from the investigations of Kirchhopp, 
that the light emitted by the portions of gas beyond the surface visible to us, would 

* « Looked at eight times, but saw no nebulous atmosphere.*’ — Lord Bossb, Philosophical Transactions, 
1861, p. 712. 

t Outlines of Astronomy, 7th edit. p. 646. 
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be in great measure, if not wholly, absorbed by the portion of gas through which it 
would have to pass, and for this reason there would be presented to us a luminous sur* 
face only*. 

Sir John Herschel further remarks f, “Whatever idea we may form of the real 
nature of the planetary nebulae, which all agree in the absence of central condensa- 
tion, it is evident that the intrinsic splendour of their surfaces, if continuom^ must 
be almost infinitely less than that of the sun. A circular portion of the sun's disk, 
subtending an angle of 1', would give a light equal to that of 780 full moons, while 
among all the objects in question there is not one which can be seen with the naked 
eye.” The small brilliancy of these nebulas is in accordance with the conclusions sug- 
gested by the observations of this paper; for, reasoning by analogy from terrestrial 
physics, glowing or luminous gas would be very inferior in splendour to incandescent 
solid or liquid matter. 

Such gaseous masses would be doubtless, from many causes, • unequally dense in 
different portions ; and if matter condensed into the liquid or solid state were also 
present, it would, from, its superior splendour, be visible as a bright point or points 
within the disk of the nebula. These suggestions are in close accordance with the 
observations of I.ord Rosse. 

Another consideration which opposes the notion that these nebulse are clusters of 
stars is found in the extreme simplicity of constitution which the three bright lines 
suggest, whether or not we regard these lines as indicating the presence of nitrogen, 
hydrogen, and a substance unknown. 

It is perhaps of importance to state that, except nitrogen, no one of thirty of the 
chemical elements the spectra of which I have measured has a strong line very near the 
bright line of the nebulae. If, however, this line were due to nitrogen, we ought to 
see other lines as well ; for there are specially two strong double lines in the spectrum 
of nitrogen, one at least of which, if they existed in the light of the nebul®, would be 
easily visible J. In my experiments on the spectrum of nitrogen, I found that the 

♦ Sir WiiLiAM Herschel in 1811 pointed out the necessity of supposing the matter of the planetary nebnise 
to have the power of intercepting light. Ho wrote : — “ Admitting that these nebulas are globular collections 
of nebulous matter, they could not appear equally bright if the nebulosity of which they are composed consisted 

only of a luminous substance perfectly penetrable to light Is it not rather to bo supposed that a certain 

high degree of condensation has already brought on a sufficient consolidation to prevent tho penetration of light, 
which by this means is reduced to a superficial planetary appearance?*' 

“ Their planetary appearance shows that we only see a superficial lustre such as opaque bodies exhibit, and 
which could not happen if tho nebulous matter had no other quality than that of shining, or had so little 
solidity as to be perfectly transparent.” — Philosophical Transactions, 1811, pp. 314, 315. 

t Outlines of Astronomy, 7th edit. p. 646. 

It Philosophical Transactions, 1864, p. 154 and Plate I. 

For the purpose of ascertaining whether tho absence of tho other bright lines of nitrogen might be eon» 
nested with the presence of hydrogen, I arranged an apparatus in which, while tho spectrum of tho induction** 
spark in a current of nitrogen was being observed, a current of hydrogen could be introduced, and the proper- 
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character of the brightest of the lines of nitrogen, that with which the line in the nebulse 
coincidesy differa from that of the two double lines next in brilliancy. This line is more 
nebulous at the edges, even when the slit is narrow and the other lines are thin and 
sharp. The «a.mp phenomenon was observed with some of the other elements*. We 
do not yet know the origin of this difference of character observable among lines of 
the same element. May it not indicate a physical difference in the atoms, in connexion 
with the vibrations of which the lines are probably produced! The speculation pre- 
sents itself, whether the occurrence of this one line only in the nebulae may not indi- 
cate a form of matter more elementary than nitrogen, and which our analysis has not 
yet enabled us to detect. 

Observations on other nebulae which I hope to make, may throw light upon these 
and other considerations connected with these wonderful objects. 

tidn of the two gasoA to each other easily regulated. With this apparatus tho fading out the bright lines of 
nitrogen, aa the proportion of this gas to hydrogen was dinunished, and again their increase in brilliancy whon 
the current of nitrogen was made stronger, were carefully observed, but witliout detecting any marked variation 
in tho relative brightness of the lines. 

*' Philosophical Transactions, 1804, pp. 143, 150. 
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Member and late President of the Boyal Medical Society of Edinburgh, &c, dec. 
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The principal part of the following communication was presented to the Royal Society 
of London, in November 1869, and formed the subject of the Croonian Lecture for 1860. 
An abstract of it was published in the ‘ Proceedings ’ of the Society for April of that 
year. It was subsequently withdrawn for extension and revision, and I have to express 
iny regret that the time occupied in this work has, from various unforeseen causes, been 
much longer than I anticipated. 

The paper, as now presented, consists of four parts or sections, — the first section 
being devoted to the anatomy of the ventricle of the fish ; the second to the anatomy of 
the ventricle of the reptile ; the third and fourth treating of the ventricles of the bird 
and mammal. I have adopted this arrangement, because the structure of the ventricle 
in the fish and reptile is to a certain extent rudimentary, and a knowledge of it forms 
an appropriate introduction to the more intricate structure met with in the ventricles 
of the bird and mammal. 

Of the ventricles more particularly examined in the fish, may be enumerated those of 
the salmon, shark, sunfish, fishing frog, turbot, and cod ; in the reptile, those of the frog, 
turtle, tortoise, snake, and alligator ; in the bird, those of the duck, goose, swan, turkey, 
capercailzie, eagle, and emu ; and in the mammal, those of man, the mysticetus, dugong, 
porpoise, seal, armadillo, lion, girafie, camel, horse, ox, ass, sheep, hog, hedgehog, dog, 
and deer. 

VENTRICLE OF THE FISH. 

In the fish, as is well known, the heart consists of two portions, one auricle and one ven- 
tricle. The shape of the ventricle in the salmon, which has been selected as typical of this 
division of vertebrate animals, is that of a three-sided pyramid, the base of which is per- 
forated by two openings. These openings conduct to a conical-shaped ventricular cavity 
of comparatively small dimensions, the capacity of which is increased by its giving off 
numerous canals, which tunnel the ventricular wall in all directions, particularly towards 
the apex. The walls of the ventricle are accordingly of great thickness, and destitute of 
that solidity which characterizes the walls of the ventricles of the bird and mammal. 
MDCCCLXIV. 3 0 
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The fibles composing the ventricle of the fish consist of three layers — an external 
layer, a central transverse layer, and an internal one. The fibres of the external layer 
issue from the auriculo-ventricular opening and the opening for the bulbus arteriosus — 
some arising from the tendinous rings surrounding these apertures, others being con- 
tinuous with corresponding fibres in the interior. Their course on the base is from 
before backwards, and is more or less circular ; i. e. they fiow in curves from either side 
of the auriculo-ventricular and arterial openings, towards the basal margin, over which 
they bend in graceful folds, to appear on the anterior and posterior borders and surfaces. 
On the borders, especially the posterior ones, they arrange themselves in parallel lines, 
and are continuous with each other at the angles and at the apex, whpre they are also 
continuous with the fibres of the internal layer. On the surfaces, the fibres of the 
superficial layer pursue a somewhat vertical direction, a certain number of them curving 
slightly upon themselves, and dipping beneath others having a more superficial position. 
The object of this arrangement is, to permit the superficial layer to furnish fibrous fila- 
ments which traverse the wall of the ventricle in a direction from without inwards, and 
which from this circumstance may be designated the perforating fibres. These perforating 
fibres connect the external and internal layers with each other, and with the fibres of 
the transverse or circular layer. Their function is obviously to approximate the various 
layers during the contraction of the ventricle, this approximation being rendered neces- 
sary by the ventricular walls of the fish, as has been explained, being tunnelled in various 
directions by canals proceeding from the ventricular cavity — these requiring to be emptied 
of blood during the systole. 

When the ext(!rnal layer, which in the fish is comparatively thin, is removed, the 
transverse layer, with here and there the cut ends of the perforating fibres, is exposed. 
The fibres of the transverse layer are more or less circular, and differ from the fibres of 
the superficial layer in running at right angles to them ; they moreover occur in fasciculi 
arranged in parallel lines, and may be readily separated from each other. The trans- 
\'erse layer is of considerable thickness, and is connected with the external and internal 
ones by fibres which it gives off to, and receives from both. The appearance presented 
by the ventricle of the fish, when the transverse layer is taken away, is somewhat porous, 
owing to the ends of the perforating fibres, and the orifices of the canals which permeate 
the substance of the ventricle from within, being at this stage of the dissection exposed. 
On tracing the perforating fibres whose ruptured extremities are thus brought into view, 
their connexion with the fibres constituting the internal layer may be clearly made out. 

The fibres of the internal layer are continuous, in many instances, with the external 
fibres at the base, apex, and other portions of the ventricular wall, and are best exposed 
by cutting into the ventricular cavity, and dissecting from within outwards. They pro- 
ceed in well-marked fascicular bundles from apex to base, and resemble in their general 
character the cameee columnac of the ventricles of the bird and mammal. They differ, 
however, from the camese columnse in question in having a more highly reticulated struc- 
ture. Situated within the reticulations, are a vast number of minute orifices cbmmu- 
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nicating with the ventricular cavity, and conducting to canals of various sizes. These 
canals freely unite with each other, and, as they penetrate the ventricular wall only to 
certain depths, may on this account be denominated terminal canals. They serve to 
increase the size of the ventricular cavity, and render the ventricle lighter than it 
would othervdse be. 

The ventricle of the fish may be regarded as a conical-shaped muscular bag, the fibres 
of which arc curiously interwoven to secure the greatest amount of strength with the 
least possible material, and, what is not less desirable in a physiological point of view, 
to ensure that the organ shall contract in all directions, the more thoroughly to eject 
the blood from it& interior. There is, however, in the ventricle under consideration, as 
far as I have been able to discover, no principle in the arrangement similar to that 
which, as I shall endeavour to explain, occurs in the ventricles of the higher vertebrata. 

VENTRICLE OF THE REPTILE. 

The form of the ventricle of the reptile’s heart is intermediate between the well- 
defined pyramidal shape in the fish, and the finely rounded conical form of the ven- 
tricles in the bird and mammal. Thus it has the dorsal surface flattened, as in the fish, 
while the two anterior surfaces present a somewhat convex outline. 

The arrangement of the fibres in the ventricle of the reptile is so similar in many 
respects to that met with in the ventricle of the fish, that a separate description appears 
unnecessary. There are, however, points of difference deserving of notice. The fibres 
comi)osing the external and internal layers in the ventricle of the reptile are more 
decidedly vertical than in that of the fish, and run with fewer interruptions from the 
base to the apex, and from the apex to the base. This difference is well seen in the 
ventricle of the python and alligator, and is an approach to what is found in similar 
layers in the ventricles of the bird and mammal. The external layer in the ventricle 
of the reptile is thinner than in the ventricle of the fish, the internal layer being com- 
paratively much thicker. The transverse layer, in the ventricle of the reptile, is also 
thinner than in the ventricle of the fish, the perforating fibres which run between the 
external and internal layers being on the contrary increased both in number and size. 
The perforating fibres have further a tendency to split up and give offsets to run athwart 
the ventricle in the direction of the transverse layer, and in this manner supply the 
deficiency in its thickness. The ventricular cavity of the reptile is smaller than in the 
fish, while the number of terminal canals which proceed from it to ramify in the ventri- 
cular wall is greater. This circumstance renders the wall of the ventricle of the reptile 
at once thicker and less dense than that of the fish. Lastly, the ventricular cavity 
of the reptile is variously shaped, according as the septum is absent or present and 
partially or fully developed. 

VENTRICLES OF THE BIRD. 

The ventricles of the bird so closely resemble those of the mammal in appearance 
and structure, that one description will sufilce for both. Care however will be taken, 

* 8o2 



448 


DE. PETTiaUBW ON THE AERANGESIENT OF THE FIBRES 


when explaining the construction of the right ventricle of the mammal, to discuss at 
length the peculiar fleshy valve which in the bird occupies the right auriculo-ventri- 
cular orifice. This valve 'constitutes, I may remark, the distinguishing feature between 
the ventricles of the bird and mammal. 

VENTRICLES OF THE MAMMAL. 

The ventricles in the mammal are subject to considerable variation as regards shape. 
In the porpoise they have their dorsal or posterior surface flattened, and their anterior 
surface very slightly rounded, as in the higher reptiles. 

In the mysticetus the ventricles are compressed laterally, and so resemble those of 
the higher fishes. In the dugong and rhytina, they are characterized by having two very 
distinct and widely separated apices, as shown in Plate XIV. fig. 42. 

The general appearance presented by the ventricles of the mammal is familiar to all, 
it being that of an irregular cone slightly twisted upon itself. The posterior surface of 
the cone is flattened, as in the ventricle of the fish and reptile, and on account of the 
obliquity of the base is shorter than the anterior surface. The anterior surface, which 
is divided into two by an oblique sulcus or furrow, is, on the contrary, rounded and 
prominent, and presents a characteristic convex outline. Two margins or borders are 
usually described — a right inferior or acute margin (margo acutus), and a left superior 
or obtuse one (margo obtusus). As, however, these margins vary somewhat in different 
hearts, no general description concerning them can be strictly applicable. In the hearts 
of the ass, American elk, and deer tribe generally, the ventricles are rounded and taper 
towards the apex, so that the right margin appears almost as obtuse as the left ; while 
in those of the armadillo and carnivora, the ventricles, which are not taper but purse- 
shaped, have likewise the right side very obtuse*. The idea therefore of an acute 
margin ought perhaps to be confined to the right side of the human heart and a few 
others, such as the heart of the seal and hog, both of which bear a considerable resem- 
blance to that of man. 

The base of the cone formed by the ventricles of the mammal, as is well known, is 
perforated by four openings. These openings are surrounded by fibrous rings, and con- 
duct to conical-shaped sfpiral cavities f, which vary somewhat in size according as the 
camese column® are absent J or present, and the musculi papillares feebly or fully 
developed. 

Considered as a muscle, the heart, and especially the ventricular portion of it, is 
peculiar. Being in the strictest acceptation of the term an involuntary muscle, its 
fibres nevertheless possess the .dark colour, and transverse markings, which are charac- 

* Between these extremes in shape may bo ranked the ventricles of the camel, horse, ox, giraffe, calf, hare, 
rabbit, &c. 

t See photograph of a wax cast of the interior of the ventricles of a deer’s heart, Plate XII. figs. 16 17, 

and transverse sections, Plate XV. figs. 49 to 63 inclusive. 

X The ventricles of the American elk arc devoid of camesD columns, as are likewise those of the red deer 
(Plate XV. fig. 48). 
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teri^tic of the voluntary muscles. Unlike the generality of voluntary muscles, on the 
other hand, the fibres of the ventricles, as a rule, have neither origin nor insertion ; L e. 
they are continuous alike at the apex of the ventricles and at the base. They are 
further distinguished by thd almost total absence of cellular tissue as a connecting 
medium * — the fibres being held together partly by splitting up and running into each 
other, and partly by the minute ramifications of the cardiac vessels and nerves 

The manner in which the fibres are attached to each other, while it necessarily 
secures to the ventricles considerable latitude of motion, also furnishes the means 
whereby the fibres composing them may be successfully unravelled ; for it is found that 
by the action of certain reagents, and the application of various kinds of heat, as in 
roasting and boiling J, the fibres may be prepared so as readily to separate from each 
other, in layers of greater or lesser thickness. 

The crowning difference, however, and that which it is the especial object of the 
present paper to treat, is the arrangement of the fibres themselves — an arrangement so 
unusual and perplexing, that it has long been considered as forming a ‘kind of Gordian 
knot in anatomy. Of the complexity of the arrangement I need not speak, further than 
to say that Vesalius, Albinus, Hallee and De Blainville || all confessed their 
inability to unravel it. 

Of those who have written more particularly on the structure of the mammalian 
heart, may be mentioned Lower ^ (1G69), Bartholin ♦♦ (1678), Winslow ft (1711), 

* Tho little cellular tissue there is, is found more particularly at the base and apex of the ventricles, and is 
so trivial as to be altogether, though wrongly, denied by some. See article “ On tho Fibres of the Heart,” by 
Mr. Searlk, in the ‘ Cyclopaedia of Anatomy and Physiology,’ p. 052. 

t When tho vessels of the ventricles are injected in the cold state with some material which will stand heat 
(as, for example, a mixture of starch and water), and the heart boiled, tho larger trunks from either coronary 
artery are found to give off a series of minute branches which penetrate the ventricular wall in a direction from 
without inwards — these branches, when tho dissection' is conducted to a certain depth, appearing like so many 
bristles transfixing tho ventricular wall. As, moreover, the cardiac nerve-trunks accompany the tninks of the 
coronary vessels, while the nerve-filaments cross tho smaller branches of the vessels, and the muscular fibres, 
(to both of which they afford a plentiful supply of nerve-twigs,) tho influence exerted by tho vessels and nerves, 
in uniting or binding tho muscular fibres to each other, is very considerable. Vide Inaugural Prize Dissertation 
by tho author, “ On tho Arrangement of tho (’ardiac Nerves, and their connexion with tho Ccrcbro-spinal and 
Sympathetic Systems in Mammalia,” deposited in the University of Edinburgh Librarj% March 1801. 

X Of the various modes recommended for preparing the ventricles prior to dissection, I prefer that of con- 
tinued boiling. The time required for the human heart, and those of the small quadrupeds, as the sheep, hog, 
calf, and deer, may vary from four to six hours ; while for tho hearts of the larger quadrupeds, as the horse, ox, 
ass, &c., tho boiling should bo continued from eight to ten hours; more than this is unnecessary. A good plan 
is to stuff the ventricular cavities loosely with bread crumbs, bran, or some pliant material before boiling, in 
order, if possible, to distend without overstretching tho muscular fibres. If this plan be adopted, and the 
ventricles soaked for a ^rtnight or so in alcohol before being dissected, the fibres will bo found to separate with 
great facility. Vatist recommended that the heart should be boiled in a solution of nitre ; but nothing is gained 
by this procedure. 

§ El. Phys. tom. i. p. 351. || Cours do Physiologie, &o. tom. ii. p. 359. 

IT Tractatus do Corde, &o. London, 1669. •• Dissert, de Cordis structura et usu. Haftiiae, 1678. 

ft « Sur les Fibres du Coeur ct sur ses Valves,” Mdm. de PAcad. Roy. de Paris, 1711. 
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Sbnac* (1749), Haller t (1767), Wolff J (1780-1792), Gerdt § (1823), and Riijd || 
(1839). The writings of these investigators, although differing in minor matters, agree 
on the whole, as may be seen by a hasty reference to the more prominent views enter- 
tained by them. As early as 1669, Dr. Richard Lower promulgated the idea that the 
external fibres of the ventricles of the mammal proceed in a spiral direction from left 
to right downwards; the internal fibres proceeding from left to right upwards. The 
fibres, according to this author, are continuous at the apex, and form an imperfect figure 
of 8. In this opinion Lower was followed by Gerdt, who, however, maintained that 
the external and internal fibres make a more perfect figure of 8 than that given by 
Lower, and added that all the fibres of the heart form loops, the apices of which look 
towards the apex of the heart. This idea of Gerdt’s with reference to the looped 
arrangement of the fibres at the apex was combated in recent times by Dr. Duncan, 
jun., of Edinburgh % who says, Gerdt commits a grave error when he asserts that all 
the fibres of the heart form loops tlie ayicea of which look towards the apex of the hearty 
since the number of tops (and by this Dr. Duncan means loops) which look in the opposite 
direction, or towards the base, is not less. Adopting the suggestion of Dr. Duncan, it 
follows that the fibres composing the ventricles form twisted loops, which look alike 
towards the apex and the base, Frederick Caspar Wolff furthered the investigation, 
by showing the possibility of dividing the muscular substance composing the ventricles 
into bands ; whilst Senac in the last century, and Dr. John Reid in this, gave a new 
interest to the subject, by showing that the fibres of the external and internal surfaces 
of the ventricles are more vertical in direction than the deeper or more central fibres, 
which more approach to the circular. Such are a few of the more important facts ascer- 
tained by successive investigators. 

Having myself in the summer of 1868 made numerous dissections, upwards of 100 of 
which arc preserved in the Anatomical Museum of the University of Edinburgh**,! 
have anived at results which appear to me to throw additional light on this complex 
question, and which seem to point to a law in the arrangement, simple in itself, and 
apparently comprehensive as to detail. This law will be adverted to subsequently. 


Summary of Facts established in the present Memoir. 

The following are a few of the more salient pqints demonstrated, which the reader 

• Traite de la structure du Ccour, de son action, &c. Paris, 1749. 
t Elemcnta Physiologia), tom. i. 17.'57. 

t “ Dissertationos do ordino fibrarum. muscularium Cordis,” in Acta Acad. Potropolit. 1780-1792. 

§ Eechorches, Discussions ot Propositions d’Anatomie, Physiologic, &c. 1823. 

II Cycl, of Anat. and Phys., article “ Heart.” London, 1839. 

^ See extract from Dr. Duxcan’s unpublished manuscript, given by Dr. Joax Bbid in Cycl. of Anat. and 
Phys., article “ Heart,” p. 592. 

** These dissections obtained the Senior Anatomy Gold Medal of the University, in the winter of 


1869. 
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may corroborate by a reference to the accompanying Plates, engraved from photographs 
taken by myself from the dissections. 

I. By exercising due care, I have ascertained that the fibres constituting the ventricles 
are rolled upon each other in such a manner as readily admits of their being separated 
by dissection into layers or strata, the fibres of each layer being characterized by having 
a different direction. 

II. These layers, owing to the difference in the direction of their fibres, are well 
marked, and according to my finding, are seven in number — viz. three external, a fourth 
or central, and three internal. 

III. There is a gradational sequence in the direction of the fibres constituting the 

layers, whereby they are made gradually to change their course from a nearly vertical 
direction to a horizontal or transverse one, and from the transverse direction, back again 
to a nearly vertical one. Thus, in dissecting the ventricles from without inwards, the 
fibres of the first layer, which run in a spiral direction from left to right downwards, are 
more vertical than those of the second layer, the second than those of the third, the 
third than those of the fourth — the fibres of the fourth layer having a transverse direc- 
tion, and running at nearly right angles to those of the first layer. Passing the fourth 
layer, which occupies a central position in the ventricular walls and forms the boundary 
between the external and internal layers, the order of arrangement is reversed, and the 
fibres of the remaining layers, viz. five, six, and seven, gradually return in an opposite 
direction, and in an inverse order, to the same relation to the vertical as that maintained 
by the fibres of the first external layer. This remarkable change in the direction of the 
fibres constituting the several external and internal layers, which is observed to occur 
in all parts of the ventricular walls, whether they be viewed anteriorly, posteriorly, or 
septally, has in part been figured by Senac and imperfectly described by Reid f , but 
has not, so far as I am aware, been prominently brought forward by any one. A few 
arrows will illustrate the gradation in direction referred to. * 

External layers proceeding from left to right downwards of the spectator (posterior aspect). 



I^mrth or circular layer occupying a central position in the ventricular walls. 

Internal layers proceeding from right to left upwards of the spectator (posterior aspect). 



• Op. cit. tom. i. and Appendix to tom. ii. t P* 
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IV. The fibres composing the external and the internal layers are found at different 
depths from the surface, and from the fact of their pursuing opposite courses cross each 
other, — the fibres of the first external and last internal layers crossing with a slight 
d eviation from the vertical, as in the letter X ; the succeeding external and internal 
layers, until the fourth or central layer, which is transverse, is reached, crossing at 
s uccessively wider angles, as may be represented by an >4 placed horizontally : — 



V. The fibres composing corresponding external and internal layers, such as layers 
one and seven, two and six, &c., are continuous in the left ventricle at the left apex, and 
in the right ventricle in the track for the anterior coronary artery, the fibres of both 
ventricles being for the most part continuous likewise at the base *. 

VI. From this distribution of the fibres, it follows that the first and seventh layers 
embrace in their convolutions those immediately beneath them, while these in turn 
embrace those next in succession, and so on until the central layer is reached — an 
arrangement which may in part explain, alike, the rolling movements and powerful 
action of the ventricles. 

VII. The fibres of the right and left ventricles anteriorly and septally are to a certain 
exteht independent of each other; whereas posteriorly many of them are common to 
both ventricles ; i. e. the fibres pass from the one ventricle to the other, — an arrange- 
ment which induced Winslow f to regard the heart as composed of two muscles enve- 
loped in a third. It will be evident from this distribution of the fibres, that while the 
ventricles are for obvious reasons intimately united, they nevertheless admit of being 
readily separated. 

VIII. If the hinge-like mass of fibres (common fibres) which unite the right ventricle 

to the left posteriorly be cut through, and the right ventricle with its portion of the 
septum detached, the left ventricle will be found to be nearly as complete as it was 
before the separation took place, and to consist of four sets of conical spiral fibres — two 
external and two internal sets. ^ 

On the other hand the right ventricle, and its share of the septum, consists only of 
conical-shaped spiral fragments of fibres, or at most of flattened rings — a circumstance 
which, when taken in connexion with others to be mentioned presently, has induced me 

ft 

* The late Dr. Dxtkcav, ju&., of Edinburgh, was aware of the fibres forming loops at the base, but seems to 
have had no knowledge of the continuity being occasioned by the union of the fibres of corresponding external 
and internal layers, or that these basal loops were prolongations of like loops formed by similar corresponding 
external and internal layers at the apex — a view wliich the author believes is here set forth for the first time, 
t Memoires de I’Acaddmie Royale des Sciences, 1711, p. 107. 
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to regard the left ventricle as the typical or complete one, the right ventricle being a 
mere segment or portion nipped off at some period or other from the left. 

IX. If the right ventricular walls be cut through immediately to the right of the 
track for the anterior and posterior coronary arteries, so as to detach the right ventricle 
without disturbing the septum, and the septum be regarded as forming part of the left 
ventricular wall, it will be found that the fibres from the right side of the septum, at no 
great depth from the surface, together with the external fibres frorii the left ventricular 
wall generally, enter the left apex in two sets ; and if their course in the interior be traced, 
they are observed to issue from the left auriculo-ventricular oppning, also in two sets ; in 
other words, the left ventricle is bilateral. I would particularly direct the attention of 
investigators to this bilateral distribution of the fibres, as it has been hitherto overlooked, 
and furnishes the clue to the arrangement of the fibres of the left ventricle. 

X. The double entrance of the fibres at the left apex, and their exit in two portions 

from the auriculo-ventricular opening at the base, are regulated with almost mathema- 

« 

tical precision ; so that while the one set of fibres invariably enters the apex posteriorly, 
and issues from the auriculo-ventricular opening anteriorly, the other set as invariably 
enters the apex anteriorly, and escapes from the auriculo-ventricular opening posteriorly. 
But for this disposition of the fibres, the apex and the base would have been like the 
barrel of a pen cut slantingly or lopsided, instead of bilaterally symmetrical as they are. 

XI. The two sets of fibres which constitute the superficial or first external layer of 
the left ventricle, and which enter the left apex in two separate portions or bundles, are 
for the most part continuous in the interior with the musculi papillares, to the free 
ends of which the chord® tendine® arc attached. These columns occupy different 
portions of the left ventricular cavity, and give a very good idea of the symmetry which 
prevails throughout the left ventricular walls. 

Lastly. The apex is opened into and enlarged, and the auriculo-ventricular orifice 
widened, by the removal of consecutive external and internal layers, from the fact of 
the left ventricular cavity tapering in two directions and forming a double cone. 

There are other points worthy of mention, such as the construction of the septum, 
fleshy pons, and conus arteriosus, the varying thickness of the right and left ventricular 
walls, the shape of the right and left ventricular cavities, &c. To these, however, 
allusioi]^ will be more conveniently made subsequently. 

As the structure of the ventricles, with one or two exceptions, is the same in all 
mammals, Tmn vhcluded^ I have chosen to describe the arrangement of the fibres in the 
ventricles of the sheep and calf, from the readiness with which the hearts of these animals 
may be obtained. My descriptions, however, will by no means be confined to them. 

Pmnts to he attended to- in the dissection of the left or typical ventricle. The points 
to be kept more particularly in view when dissecting the feft ventricle are these r — 

1st. The different angles made by the fibres of the several layers, with an imaginary 
vertical line drawn from base to apex, as they issue from the auriculo-ventricular open- 
ing and enter the apex. 
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2nd. The varying direction of the fibres on the body of the ventricle, produced by the 
different angles which the fibres of the several layers make with the imaginary vertical 
referred to. 

3rd. The double entrance of the fibres at the apex, and their exit in two sets from 
the left auriculo-ventricular opening. 

4th. The manner in which the apex is opened into, and enlarged, by the removal of 
successive layers. 

6th. The gradual increase in the thickness of the layers when the dissection is con- 
ducted from without inwards. This is in all probability owing to the more internal or 
deeper layers being the first formed. Thus the seventh or deepest internal layer, which I 
am inclined to think is developed before the sixth, goes on increasing with 

it ; while the seventh and sixth increase equally with the fifth, which is a later forma- 
tion; and so on until the first, which is the thinnest layer, is reached. That this 
explanation has its foundation in truth, is probable from the fact that, in imitating the 
process by which I believe the left ventricle is formed, the seventh or most internal 
layer supplies a basis of support for the more superficial layers — just in the same way 
that the smaller and more central turns of a shell form the basis of support for the 
peripheral or more superficial turns*. 

External layers of the left ventricle of the Mammal. 

Superficial or first external layer. On looking at the left auriculo-ventricular opening 
of the sheep and calf posteriorly (Plate XII. fig. 1, h, and Plate XV. fig. 46, h), when 
the serous membrane, fat, vessels, and nerves have been removed, the fibres are seen to 
issue from it in fascicular bundles, and to curve over its margin all round {d^f). 

The fibres on leaving the opening lose to a considerable extent their fascicular 
character, and naturally arrange themselves in two sets, — the one set proceeding from 
the anterior portion of the opening (d\ and the anterior half of the septum (e) ; the other 
from the posterior portion of the opening (/), and the posterior half of the septum (y). 
On the body of the ventricle the fibres spread out to form a smooth muscular sheet, 
both sets pursuing a spiral nearly vertical direction from left to right of the spectator. 
In their course they gradually change their position on the ventricular wall, the fibres 
from the anterior portion of the opening and the anterior half of the septum winding 
round and appearing on the posterior surface, the fibres from the posterior portion of 
the opening and the posterior half of the septum, on the contrary, winding round and 
appearing on the anterior surface. On nearing the apex, which they do in graceful 
curves (Plate XII. fig. 9), the two sets of fibres become more strongly defined, the fibres 
of either set converging and* overlapping to a greater or less extent. At the apex 
both sets {fg, e d) curve rapidly round and form a whorl or vortex of great beauty, — ^the 
fibres from the anterior portion of the opening and septum curving into those from 


* For a detailed account of this view, see p. 484. 
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the posterior portion of the opening and septum, and entering the apex postericyrly 
(Plate XII. fig. 10, d), to become continuous with the fibres of the camete columnes 
and anterior musculus papillaris (Plate XII. fig. 13, y); the fibres from the posterior 
portion of the opening and septum curving into those from the anterior portion of the 
opening and septum, and entering the apex anteriorly (Plate XII. fig. 10, ^), to become 
continuous with the fibres of the carnese columnsB and posterior musculus papillaris* 
(Plate XII. fig. 13, ar). 

The fibres, therefore, which issue from the auriculo-ventricular orifice anteriorly, enter 
the apex post(?riorly, and mee versd — an arrangement -which is accounted for by the fibres 
of the superficial or first external layer, from the time they leave the base until they 
reach the apex, making one turn and a half of a spiral. As the fibres of the carnea) 
columnro and musculi papillares, which constitute the seventh or last internal layer, 
also make a turn and a half, from the time they leave the apex until they reach the base, 
the external and internal fibres always return to points not wide of those from which 
they started. It was, no doubt, this circumstance which induced Lower and Gerdy 
to describe the external and internal fibres as forming a more or less perfect figure 
of 8f, these investigators differing as to the completeness of the figure from having, in 
all probability, described different and deeper layers J. The bilateral distribution of 
the fibres, which extends to all the layers, has hitherto escaped observation, but is 
clearly established by my dissections. Viewed in connexion with the musculi papillares 
and the segments of the bicuspid valve, it is, as I shall endeavour to show, of consider- 
able physiological importance. I'he object of the two sets of fibres curving into each 
other at the apex §, is evidently threefold : first, to secure symmetry, structural and 

* The fibres of the carnea) columnae and musculi papillares i)ursuo a spiral nearly vertical direction, from 
right to left upwards, so that they cross the fibres of the superficial or first external layer ; for an explanation 
of the course and direction of the fibres of the first and seventh layers, see A, B, C, T), E of diagrams .3 <fe 4, 
Plate X VL 

t WiNSiiOW altogether, though wrongly, denied the crossing of the external and internal fibres (Meraoircs 
do I’Acad. Hoy. 1710, p. 197). 

X Groat assistance may be obtained in comprehending the scheme of the arrangement of the fibres, by occa- 
sionally referring to the diagrams contained in Plate XVI. In these diagrams the fibres are represented by lines 
drawn at intervals, the object being to furnish the reader with a transparent ventricle, which will enable him 
to analyze its structure by tracing the fibres composing the several layers throughout their entire extent. Thus 
at A A' of diagram 4, the fibres of the superficial or first external layer are indicated, the fibres of the seventh 
or last internal layer being seen at E E' of diagrams 4 & 6. In diagram 5 the fibres of the second layer are 
represented by the lintis marked H B', the fibres of the sixth or corresponding layer being marked D D'. In 
diagram 4 the fibres of the third and fifth layers are marked B and B, and the fibres of the fourth or central 
layer are seen at C of diagrams 4 & 6, and at C C' C" of diagram 5. In diagram 3 the lines are drawn at still 
wider intervals, and show how the external fibres A, B, become internal (D, E) by turning upon themselves at 
the apex C, where they also enter the interior. Diagrams 7 & 10 Bho\^ how the external fibres A B, C B enter 
the apex in two sets atvopposite points, viz. at E aud’F, while diagram 11 shows how the internal fibres are 
arranged in two sets (X and Y) in the interior. 

§ The auriculo-ventricular orifice at the base is also closed by two symmetrical structures, riz. the anterior 
and posterior segments of the bicuspid valve. 
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fun 9 tional; second, to obtain for the apex, which is the weak part of the ventricnlar 
wall, great strength with comparatively little material*; and third, to procure for the 
fibres constituting the external and internal layers, which envelope all the others, a lati- 
tude and universality of motion which go far to account for the freedom and force with 
which the left ventricle contracts. 

The fibres of the superficial or first external layer arise, as a rule, from the fibrous 
ring surrounding the aorta (Plate XII. fig. 1, a, and Plate XV. fig. 46, a), and from -the 
auriculo-ventricular tendinous ring (Plate XV. fig. 46, n). A few, however, are con- 
tinuous, beneath the auriculo-ventricular tendinous ring, with the fibres of the cameac 
columnsef (Plate XV. fig. 47, d). 

The fibres of the superficial or first external layer, with their internal continuations the 
fibres of the seventh or last internal layer, overlap and embrace the fibres of all the other 
layers, viz. those of two, three, four, five, and six, — an arrangement due, not, as was sup- 
posed, to the greater length of the fibres composing the first external and the last internal 
layers, but to the direction and position of the fibres of these layers on the ventricle — ^the 
fibres of the superficial or first external layer and those of the seventh or last internal one 
pursuing an almost vertical spiral direction on the body and wider portion of the ventricle, 
and appearing longer by twisting rapidly round the apex or narrow part, the fibres of the 
deeper layers pursuing a more oblique spiral direction on the body or wider portion of 
the ventricle, and appearing shorter from not reaching to the apex or narrow portion. 

Second external layer' of the left ventricle (Mammad). The fibres of the second 
external layer (Plate XII. fig. 2), like those of the first, advance spirally from left to 
right downwards in two separate sets {fg^t d d' e \ — the one set proceeding from rather 
more than the anterior half of the septum, and the anterior and inner portion of the 
auriculo-ventricular opening {d)\ the other from rather less than the posterior half 
of the septum, and the posterior and outer part of the opening i^f). At the apex the 
fibres from the anterior portions of the opening and septum go to form the posterior 
half of the apicial orifice (Plate XII. figs. 2 & 11,^), where they become continuous 
with the anterior fibres of the sixth layer (Plate XII. fig. 6, ww"); while thos^ from the 
posterior portions of the opening and septum enter into the formation of the anterior 
hatf of the apicial orifice (Plate XII. fig. 11, ^), and become continuous with the posterior 
fibres of the sixth layer (Plate XII. fig. 6, o o'). I use the term apicial orifice, because 
the apex is opened into when the two sets of fibres tvhich constitute the first layer 

* The apex in the vontriclo of even the horse does not exceed the eighth of an inch in thickness. This 
deficiency in the thickness of the ventricular wall, which, during the'dilatation of the organ and the first stage 
of contraction, ensures great freedom of motion, is prevented &om operating injuriously during the latter stages 
of contraction, by such portions of the musculi papillares as are situated at the apex plaiting into each other so 
as entirely to obliterate the apicial cavity. 

t It is a great mistake to imagine that all the fibres of the ventricles arise from 4he aurienlo-yentricular 
tendinous rings, the fact being that, with the exception of the fibres of the first and seventh layers, th^ are eon- 
tinuous beneath them. These rings are more fuUy developed anteriorly than posteriorly, and the ring whioh 
belongs to the left ventride is stronger than that which belongs to the right. 
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(Plate Xir. fig. 11, are removed. The fibres of the second layer are similarly 
arranged at the apex to those of the first ; *. e. they converge slightly and curve upon 
each other prior to doubling upon themselves to alter their direction and enter the 
interior. The fibres of the second layer . differ from those of the first in being more 
fascicular, and in issuing from the auriculo-ventricular orifice and entering the apex 
more obliquely, the effect of which is to render their direction on the body of the 
ventricle slightly more transverse. They vary also somewhat from the fibres of the first 
layer in not quite extending either to the apex (Plate XII. compare Ic and I with/^r 
of fig. 11) or the base (Plate XII.* compare n' nl^ with q of fig. 6) — an arrangement 
which, as it also prevails in the deeper layers, satisfactorily accounts for the ventricular 
wall tapering towards the apex and the base respectively, as shown in a vertical section 
(Plate XII. figs. 13 & 14, 5 ). The varying thickness of the ventricular wall towards the 
apex was well known to Gerdy*, D uncan f, and ReidJ, and wrongly, as I think, attri- 
buted by them to a supposed difference in the length of the fibres composing the different 
portions of it, rather than to the position and direction of the fibres themselves, which 
appear to me to afford the true explanation. The fibres of the second layer further 
differ from those of the first in their arrangement at the base, most of them being con- 
tinuous in this direction with the fibres of the sixth layer (Plate XII. fig. 6, 0 n). The 
continuity of the fibres of the second external layer at the base with corresponding 
internal fibres, is strictly analogous to the continuity of the external fibres with the 
internal ones at the apex — the only difference being that at the apex the external fibres, 
in order to become internal, involute or turn in, whereas at the base the internal fibres, 
in order to become external, evolute or turn out. That the same principle which turns 
in the external fibres and secures their continuity with corresponding internal ones at 
the apex, also turns out the internal fibres and renders them continuous with correspond- 
ing external fibres at the base, is probable from the fact, that the borders formed by the 
union of the external with the internal fibres at the base and at the apex are convex, and 
identical as regards structure ; in other words, the fibres composing both borders advance 
spirally, the external fibres winding from above downwards and bending over the circular 
edge, forming the apicial orifice in a direction jfro/Ti without inwards (Plate XII. fig. 11, ^ 
and Plate XVI. fig. 56, ef)^ the internal winding from below upwards and bending over 
the convex border surrounding the auriculo-ventricular or basal orifice in a direction 
frmn within outwards (Plate XII. fig. 7, n\ and fig. 8, 0 "). The borders which limit the 
ventricle towards the apex and the base when the first layer is removed are consequently 
composed of loops or doublets of fibres (Plate XVI. fig. 66, ef, and Plate XV. fig. 47 d). 
Dr. John Reid J, in speaking of the left apex, says, “ when the point is removed the 
ci/realar edge is left entire, and is formed of another series of fibres, which, like those 
taken away, advance spirally from the base to the apex, and turning over the edge ascend 
in the opposite direction, continuing their course after being refiected.” The converse 
of these remarks holds true of the fibres at the base. 

• Op, cU. t Lot- cit. p. 691. ^ t Loe.eU. p. 691. § Lot. tit, p. 692. 
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Third external layer of the left ventricle {Mamrml). The fibres of the third external 
layer (Plate XII. fig. 3) resemble in their more important features the fibres of the 
second layer just described, and advance spirally from the base to the apex and from 
left to right in two distinct sets (fg^ d d! e). They differ, however, from those of the 
second layer in their position on the ventricle. The set which enters more particularly 
into the formation of the anterior half of the apicial orifice proceeds from the posterior 
third of the septum, and the posterior half and anterior third of the auriculo-ventricular 
opening ; while that which enters into the formation of the posterior half of the apicial 
orifice {k) proceeds from the remaining anterior part of the auriculo-ventricular opening, 
and the anterior two-thirds of the septum. Arrived at the apex, which is now greatly 
widened, they bend or double upon themselves in a direction from without inwards, and 
reverse their course to enter the interior, where they become continuous with the two 
sets of fibres forming the fifth layer (Plate XII. fig. 5,oo', ww'). The fibres of the third 
layer differ from those of the second in being arranged in smooth fascicular bands, and 
in issuing from the auriculo-ventricular opening and entering the apex very obliquely 
— an arrangement which causes the fibres on the body of the ventricle {fd) to pursue 
an almost transverse direction. They differ also from the fibres of the second layer, in 
not extending quite so far either towards the apex (Plate XII. compare k of fig. 3 with 
k of fig. 2) or the base (compare of fig. 5 with d n" of fig. 6), and in being confined 
to more central portions of the ventricle — a circumstance which, as has been already 
explained, accounts for a vertical section of the ventricular wall tapering towards the 
apex and the base. The fibres of the third layer further differ from those of the second 
in exhibiting a less degree of crowding at the apex — ^for the very obvious reason that the 
apicial orifice, on account of the conical shape of the ventricle, becomes larger and larger 
with the removal of each successive layer. 

Fourth or central layer of the left ventricle (Mammal). When the three external layers 
have been removed, the fourth or central layer (Plate XII. fig. 4) is exposed. This 
layer may be denominated the circular layer, or layer of transition, from the fact that 
the fibres entering into its formation are circular, and form the boundary between the 
external and internal layers. It differs from the other layers as regards the quality and 
the direction of its fibres, and as regards its position in the ventricular wall — the fibres 
composing it being aggregated into strong fascicular bands, whose course is neither from 
left to right downwards as in the external layers, nor from right to left upwards as in 
the internal ones, but horizontal or transverse. This peculiarity in direction, which 
causes the fibres of the fourth layer (^y, d d e) to run at nearly right angles to those 
of the first (J) and seventh layers (Plate XII. fig. 7^ on), is accounted for by the fact 
that in the fourth layer, the fibres of the third layer terminate or double upon them- 
selves, while the fibres of the fifth layer (Plate XII fig. 4, k) begin. In other words, 
the fourth layer, while it belongs neither to the third layer nor the fifth, forms the con- 
necting or transition link to both, as may be seen by a reference to Plate XII. fig. 4, 
where the fibres (d d e) are seen to turn directly upon themselves (k). 
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The fibres of the fourth layer, litfe those of the other layers, are composed of two sets 
{fg^ dd!e), the one proceeding from the entire septum and a limited portion of the auriculo- 
ventricular opening on either side of the septum anteriorly and posteriorly, the other 
from the outer aspect of the auriculo-ventricular opening and its remaining anterior and 
posterior portions. Although the fibres of the fourth or circular layer form the boun> 
dary between the external and internal layers, they do not on this account occupy the 
centre of the ventricular wall, as may be seen on transverse section (Plate XV. fig. 60). 
On the contrary, the circular layer (e) is found considerably nearer the exterior (c) than 
the interior (rf) of the ventricular wall — an arrangement which was to be expected, since 
the layers, as was stated, increase dn thickness from without inwards. The aggregate 
of the external layers, or those to the outside of the circular layer, is consequently much 
less than the aggregate of the internal ones. The fibres of the fourth layer are from 
their position embraced by the fibres of all the other layers — viz. those of one and seven, 
two and six, and three and five. The amount of spiral made by them is rather less than 
one full turn (Plate XII. fig. 4,/*^, dd' e). 

Internal layers of the left ventricle of the Mammal. 

Fifth layer. When the three external and the fourth or central layer are removed, one 
is immediately struck with the change, or rather complete reversal, in the direction of 
the fibres. Thus the fibres of the fifth layer (Plate XII. fig. 5), which are the internal 
continuations or counterparts of those forming layer three, instead of proceeding in a 
spiral direction from base to apex and from left to right, proceed in a spiral direction 
firom apex to base and from right to left ; the reason of whieh is obvious when it is 
recollected that the fibres of the fifth layer, when the layers are numbered from without 
inwards, form the first of the internal layers — i. e. of those layers found to the inside of 
the central layer, where, as has been explained, the order in the arrangement of the 
fibres is reversed. 

The fibres of the fifth layer, like the other layers described, consist of two sets (o, n ) ; 
they, however, pursue a very oblique course, and in this respect resemble the fibres of 
the third layer, which they cross at a very obtuse angle. They moreover fold or double 
upon themselves in an outward direction at the base (Plate XII. compare n! with n" 
of fig. 6 *), and in so doing alter their direction (»"), and become continuous with the 
two sets of fibres forming the third external layer (Plate XII. fig. 3,/'^, de). The 
fibres of the fifth layer are also continuous with the two sets of fibres forming the third 
layer at the apex (Plate XII. fig. 3, k). The amount of spiral made by them from the 
time they leave the apex until they reach the base, rather exceeds one full turn (Plate 
XII. fig. 5, 0 o\ n n' n"). The fibres of the third and fifth layers embrace or overlap the 
fibres of the fourth or central layer, they themselves being embraced by the fibres of 
the first and seventh and the second and sixth layers. 

Sixth layer of the left ventricle {Mamnuil). The fibres of the sixth layer (Plate XII. 

* In this figure the internal fibres (n') are seen twuting or bending over in an outward direction to become 
oontinaotis with the external fibres (n"). 
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fig. 6) are the internal continuations of the twofold set of fibres forming the second 
external layer. They wind in two portions (o, w ), in a spilral slightly vertical direction 
from right to left upwards, or from apex to base, so that they cross the fibres of the 
second layer at a somewhat acute angle. At the base they fold upon themselves in 
an outward direction, and form flattened bands (%' »"), which become continuous with 
corresponding bands belonging to the second layer (Plate XII. fig. 2,y^, dd' e). The 
amount of spiral made by the fibres of the sixth layer from the time they leave the 
apex until they reach the base, is rather under a turn and a half. Taken together, the 
fibres of the second and sixth layers embrace in their convolutions the fibres of the 
third, fourth, and fifth layers, they themselves being overlapped by the fibres of the 
first and seventh layers. 

Seventh or last internal layer of the left ventricle [Mammal). The fibres of the 
seventh or last internal layer (Plate XII. figs. 7 & 8), as was stated when describing 
the first or superficial layer, form the camese columnse and musculi papillarcs, especially 
the latter. When the two sets of fibres which constitute the superficial or first external 
layer arc traced from above downwards, the anterior set, as was explained, is found to 
enter the apex postenorly (Plate XII. fig. 10, <Z), to become continuous with the fibres 
of the anterior museulns papillaris (Plate XII. figs. 12 & 13,^) and those of the carneae 
columnse next to it — the posterior set entering the apex anteriorly (Plate XII. fig. 10, g\ 
and becoming continuous with the fibres of the posterior musculus papillaris (Plate XII. 
figs. 12 & 13, .r) and the adjoining carnem columnm. The musculi papillares and 
carneae column® therefore occupy a variable position in the interior of the ventricle, — 
the anterior musculus papillaris winding in*a spiral almost vertical direction from below 
upwards, and from right to left, from the interior of the apex posteriorly to occupy an 
anterior position ; the posterior musculus papillaris winding in a corresponding direction 
iromthe interior of the apex anteriorly^ and curving round to occMpy a posterior position. 
The musculi papillares, as will be seen from this description, are not the simply vertical 
columns usually represented (Plate XII. fig. 14, x^y)^ but vertical spiral columns (Plate 
XII. fig. 13, a:, y). The musculi papillarcs are seen to advantage in the ventricle of 
the giraffe, camel, lion, horse, ox, ass, deer, seal, and dog. They occur in various stages 
of development*. 

Most commonly they appear as conical-shaped spiral bodies, which project into the 
ventricular cavity and extend, in moderate-sized hearts, from the extreme apex to within 
half an inch or so of the base. At the apex, where they may be said to originate, and 
where they project least into the cavity, their spiral nature is very distinctf. 

Towards the base, where their spiral direction is less marked, and where they project 
most into the ventricular cavity, they terminate in free blunted exti emities, which are 
obliquely cut from below upwards, and from within outwards. As the chord® tendine® 
connect the blunted extremities in question with the segments of the bicuspid valve, 

* In the American elk (Plato XV. fig. 48, y) they are bo rudimentary as scarcely to attract attention. 

t To see tlio spiral course pursued by tbo musculi papillares, the ventricle should be opened anteriorly, the 
incision being carried not quite to the apex, as represented at Plate XH. fig. 13, x y. 
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and through them with the auriculo-ventricular tendinous ring, the musculi papillares 
may be said to be continuous at the apex and the base respectively. On some occa- 
sions the musculi papillares spring from the interior of the apex in two fascicular 
bundles, the fibres of each bundle radiating and rapidly increasing in number as the 
apex is receded from; in others they spring from several smaller fasciculi, the fibres of 
the fasciculi being arranged in two sets and remaining more or less distinct, so that each 
musculus papillaris has a bifid appearance (Plate XII. fig. 15, oc^yif'). The musculi 
papillares are principally of use in regulating the spiral action of the bicuspid valve, 
which they do through the instrumentality of the chordae tendineae. They are also 
useful, from projecting into the ventricular cavity, in reducing the blood to a state of 
quiescence during the diastole. During the systole they act as spiral lavers, and scoop 
the blood out of the interior of the ventricle by communicating to it a gliding spiral 
movement. 

Situated between the musculi papillares, and, in fact, occupying the spiral interspaces 
or hollows occasioned by their projecting into the ventricular cavity, are ’the carneie 
column®. The came® column®, like the musculi papillares, proceed in a spiral nearly 
vertical direction from right to left upwards. They are more developed in some 
instances than in others. In the camel, red deer, and American elk they may be said 
to be altogether wanting (Plate XV. fig. 48). In the lion, leopard, horse, ox, and 
ass they are more or less rudimentary ; while in the mysticetus, armadillo, giraflfe, and 
sheep they attain a size which almost entitles them to rank with the musculi papillares 
themselves. In the human heart (Plate XII. fig. 15, z) the came® column® consist of 
irregularly shaped, rounded muscular bands, arranged so as to form an intricate network 
— some of the bands being attached at both extremities, others throughout their entire 
extent. A portion of the fibres of the came® column® are continuous with the fibres 
of the external layer at the base ; others derive attachment from the fibrous ring sur- 
rounding the aorta, and from the amdculo-ventricular tendinous ring. Running between 
the came® column® and the musculi papillares arc a series of delicate fibrous stays 
(Plate XII. figs. 13 & 14, r, and Plate XV. figs. 47 & 48, r), which hang loosely in the 
ventricular cavity. They vary in thickness with the size of the heart, and probably 
assist in coordinating the movements of the stmetures between which they are found. 
The spiral interspaces or hollows occupied by the came® column®, to which a passing 
allusion has been made, are two in number, a larger and a smaller. They both extend 
from the extreme apex to the extreme base. The larger groove or interspace proceeds 
from the outward or lateral aspect of the apex, and winds in an upward and inward 
or septal direction, until it reaches the apex of the inner segment of the bicuspid valve, 
where it bifurcates — the one portion conducting to the aortic orifice, with which it com- 
municates, the other to the base of the segment, where it terminates. The smaller 
groove or interspace proceeds from the septal side of the apex, and winds in an upward 
and outward or lateral direction, until it reaches the hose of the outer segment of the 
bicuspid valve, where it likewise terminates. 

MDCCCLXIV. 3 Q 
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These grooves are important physiologically; for 1 find that in them the blood is 
arranged in spiral columns during the diastole, and that towards the end of the diastole 
and the beginning of the systole, it is made to advance in spiral waves from beneath on 
the segments of the bicuspid valve, and communicates to these structures a distinctly 
spiral upward movement, the amount of upward motion being regulated by the chordw 
tendinese to prevent retroversion and regurgitation. As the systole advances and the 
musculi papillares contract with the other portions of the ventricular wall, the seg- 
ments of the valve are gradually drawn down by the chordse tendinese in an opposite 
direction to that by which they ascended and tightened upon the rapidly diminishing 
columns of blood, so that they form a spiral dependent cone, whose apex is directed 
towards the apex of the ventricle*. 

Cast of tJw interior of the left ventricle {Mammal). 

That the fibres of the seventh layer have a spiral direction and enclose a conical- 
, shaped spirdl cavity, may be readily ascertained by a reference to Plate XII. fig. 17, 
which is taken from a photograph of a wax cast of the interior of the left ventricle of 
the deer. On carefully examining the engraving in question, the cavity will be found 
to taper and hvist towards the apex (s), and also, though to a less extent, towards the 
base {h). The diminution of the cavity towards the base is so slight that it might be 
overlooked, were it not that it renders the auriculo-ventricular orifice more easily closed 
than it would otherwise be. 

Transverse sections of the left ventricle {Mammal). 

The amount of spiral made by a cast of the left ventricular cavity, as ascertained by 
transverse sections, rather exceeds a turn and a half. This is proved by dividing the 
ventricle transversely into six unequal portions, by placing the sections in exactly the 
same positions, and by comparing the long axes of such portions of the cavity as are 
found in the sections with each other, and with the long axis of the cavity of the right 
ventricle. It is necessary to make the sections unequal, as the spiral formed by the 
cavity is much more rapid towards the apex than the base — the success of this demon- 
stration depending on making the section in such positions as will intersect the spiral 
at every half turn of its progress. I have given views of five of the sections alluded to ; 
and it will be observed that in the first two sections towards the base (Plate XV. 
figs. 49 & 50), the long axis of the cavity (^) of the left ventricle is at right angles to 
the long axis of the cavity of the right ventricle (^). In the third section (Plate XV. 
fig. 51), the long axis of the cavity {h) of the left ventricle is parallel with the long axis 
of the cavity of the right ventricle (Q, showing that the left ventricular cavity has made 
half a spiral turn. In the fourth section (Plate XV. fig. 52), the long axis of the left 

* For a detailed account of the action of the mitral and tricuspid Talves, see paper hy the author '' On the 
Relations, Btmcture, and Function of the Yalves of the Yascular System in Yertebrata,** Transactions of the 
Royal Society of Edinburgh, vol. xzfii. p. 761. 
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ventriculax cavity (b) is again at right angles to the long axis of the cavity of the 
right ventricle, making it evident that the cavity of the left ventricle has made a full 
spiral turn; and in the fifth section (Plate XV. fig. 63) the long axis of the left ven- 
tricular cavity is again parallel with the long axis of the cavity of the right ventricle, 
showing that the left ventricular cavity has made an additional half turn. If another 
section had been made at the extreme apex, probably an eighth of a turn more would 
have been obtained, as the spiral in this direction is very rapid. The object of the cavity 
twisting suddenly upon itself at the apex is obviously to protect the ventricular wall, 
where thinnest, from undue pressure ; for it is plain that a fluid injected into a conical- 
shaped spiral and therefore tortuous cavity will not be transmitted to the apex with the 
same degree of force as it would if the cavity were not spiral. , 

Vertical section of the left ventricular wall {Maimnal). 

On making a vertical section of the left ventricle between the musculi papillares 
(Plate XII. figs. 13 & 14), the ventricular wall (s), like the ventricular cavity, is observed 
to form a double cone, the apices of which point towards the apex and base of the ven- 
tricle respectively, the bases, which are united in the upper portion of the middle third, 
corresponding with the thickest part of the ventricular wall. The varying degree of 
thickness in the ventricular wall is traceable to the fact, that the outermost and inner- 
most layers extend further towards the apex and base than those which come next, and 
these, again, further than those which succeed them, and so on until the central layer is 
reached — this being of least extent, and confined indeed to about the middle third of 
the ventricle. Thus into the apicial portion of the ventricular waU, where thinnest, only 
one layer enters, viz, the superficial or first external*. Into a second portion, a little 
above the apex, two layers enter, the first and the seventh ; into a third or higher portion 
four, viz. the fii-st and the seventh, the second and the sixth ; while into a fourth, or still 
higher portion, which corresponds with the upper part of the middle third, the whole 
seven layers enter. Tracing the thickness of the ventricular wall in an opposite direc- 
tion, i. e. from the base towards the upper part of the middle third, the same changes 
present themselves, although in a less marked degree. Thus the extreme base consists 
of two layers, the continuations in fact of those forming the second part of the apex ; 
the second portion of four, the third of six, and so on — an arrangement which accounts 
for the ventricular wall being thicker towards the base than towards the apexf. 

Becapitulation of facta connected with ths left ventricle (Mammal). Before leaving 
the left ventricle, it may be weU to recapitulate briefly the points more particularly 
dwelt upon. They are the following * 

• This portion of the vontricnlar wall is formed by the external fibres turning round in a circular direction, 
to al ter their direction and become continuous with the internal, the external and internal fibres, in virtue of 
their spiral direction, not crossing each other until remorved an appreciable distance from the apex. 

f The septum jdso tapers in two directions, more particularly when, as in the present demonstration, it is 
rc^garded as fomfing part of the left ventricle. 
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Ist. It has been shown that the walls of the left^ventricle, when the septum ia 
included, are composed of four systems of spiral fibres, two external and two internal ; 
the external systems running from left to right downwards from base to apex; the 
internal systems from right to left upwards from apex to base. 

2ndly. That these spiral fibres are arranged in layers or strata, which increase in 
thickness from without inwards, and that the fibres composing them have each a differ- 
ent course, whereby they change their direction from the nearly vertical to the hori- 
zontal, and from the horizontal back again to the nearly vertical. 

3rdly. That the fibres composing the strata alluded to are as nearly as may be of the 
same length, and enter the apex and issue from the auriculo-ventricular orifice at the 
base in twq, distinct parcels or bundles. 

4thly. That the two sets of fibres forming the external layers are continuous at 
the apex and at the base with the two sets of fibres forming the internal layers, and 
give rise to twisted continuous loops, pointing to the apex and base respectively; 
the m^re superficial loops embracing in their convolutions the deeper or more central 
ones. 

5thly. That the apex is opened into, and the apicial and basal orifices (on account 
of the double cone formed by the ventricular cavity) widened, by the removal of such 
strata as are found to the outside of the central stratum. 

6thly. That the ventricular Avail, like the ventricular cavity, tapers towards the apex 
and the base, the tapering towards the apex being very considerable, that towards the 
base being less appreciable. 

7thly, and lastly. That the septum is of nearly the same thickness as the left ventri- 
cular wall, and must be dissected pari passu with it, if the left ventricle is to be con- 
sidered complete in itself. 

The right and left ventricles^ septum^ &c. considered relatively (Mammal). 

By far the simplest way to regard the right ventricle is, to consider it as a segment 
of the left one — a view which is favoured both by the actual structure, and all that is 
at present known of the foetal development of the organ. In works on embryology 
it is stated that at first the heart consists of a mass of nucleated cells ; that by and by 
it assumes the form of an elongated sac or dilated tube ; that about the fourth week a 
septum begins to arise up internally^ which proceeds from the right side of the apex and 
anterior wall of the camty^ in the direction of the base, where the arterial bulb leads off ; 
and that about the eighth week this interventricular septum is complete. It is further 
stated that the walls of the ventricles are, comparatively speaking, vety thic% the thick- 
ness of both being about the same ; but that on approaching the full period the left 
begins to be the thicker of the two — a change which was a jjnon to be expected, seeing 
that after birth the left ventricle has to perform nearly twice as much labour as the 
right. 

Beginning therefore with the left or typical ventricle constructed as described, it 
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appears to me that in order to produce the right ventricle, and explain the relation 
existing between the right and left ventricles anteriorly, posteriorly, and septally, all 
that is necessary is to push in the anterior wall (Plate XVI. diag. 15, a) in an antero- 
posterior direction until it touches the posterior one (B), in imitation of the constructive 
process. As however, in pushing in the anterior wall until it touches the posterior one 
a double septum is produced which is unattached posteriorly, it is necessary, to complete 
the structure, to suppose the fibres forming tlie posterior border of the septal duplica- 
ture as coalescing with coiTesponding fibres of the posterior wall, until the central layer is 
reached (Plate XVI. diag. 17, K) ; whilst the fibres of the two halves of the duplicature 
itself pass through and are blended with each other to the same extent (E J). If the 
constructive process be so imitated, it will be seen that not only are two ventricles (C, D) 
produced, each of which has fibres peculiar to itself (I II, F E), but, what is remark- 
able, that th(5se ventricles are united to each other posteriorly (K) and septally (E J) by 
a series of fibres, which are common to both, i. e. fibres which belong partly to the one 
ventricle and partly to the other, precisely as in the ventricles themselves. The fibres 
moreover of the left or principal ventricle form four systems of conical spirals, two 
external and two internal — the former winding from above downwards from left to 
right, to twist rapidly round in a whorl at the apex, where they are continuous with the 
two internal systems *, winding in an opposite direction, from below upwards and from 
right to left. 

The fibres of the right ventricle, on the other hand, form only segments of spirals — 
they being continuous with each other not at one point as in the left ventricle, but 
throughout the track for the anterior coronary artery (A). That the foregoing arrange- 
ment approaches very closely to, if it is not identical with, that occurring in the 
ventricles of the adult heart, may be ascertained in various ways. 

1st. When the right and left ventricles (Plate XITI. figs. 18, 21, & 24) are dissected 
from without inwards, the layers constituting the right ventricular wall {ff') gradually 
increase in thickness, and pass through the several changes in direction met with in the 
layers of the left ventricular wall (d d'), clearly showing that the right and left ventricles 
are constructed on the same type. As, however, the left ventricle, as will be shown 
presently, is the more complete of the two, it is more natural to suppose that the right 
ventricle is a segment of the left one, than the reverse. 

2ndly. When both ventricles are dissected at the same time, the fibres forming the 
external layers posteriorly (Plate XIII. fig. 21) are for the most part common alike to 
the one ventricle and the other f; in other words, the fibres on the back part of the left 
ventricle (/) cross over 'the posterior coronary track and pass on to the right 

* The external and internal systems, as has been explained, are rendered continuous at the base by bending 
over until they meet each other. Similar remarks apply to the fibres at file base of the right ventricle. 

t The fibres forming the left apex are peculiar to itself, and belong exclusively to the loft ventricle. This 
distribution of the fibres is accounted for by the fold which I believe forms the right ventricle beginning ftiUy 
imlf an inch above tho apex in question. 
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ventricle whereas in front, with the exception of a large cross band at the base 

(Plate XIII. fig. 20, »), which is evidently for the purpose of binding the ventricles 
more securely together anteriorly, the fibres of the right and of the left ventricle 
respectively dip in (Plate XIII. fig. 23, r) at the anterior coronary track (oo'), as if 
altogether independent of each other. 

3rdly. When the fibres on the anterior aspect which belong to one or other of the 
ventricles are traced into the septum, and the ventricles forcibly separated (Plate XIV. 
fig. 46) in a line corresponding with the course which the fibres peculiar to each ven- 
tricle naturally take, the right ventricle (Jc) claims, as its share of the partition alluded 
to, rather less than one-third of its entire breadth (Z), the remaining two-thirds (n) 
going to the left ventricle (m). Why the right ventricle should claim less than a third 
of the septum is difficult to explain, unless it be that this portion of the septum, belong- 
ing as it does more particularly to the right ventricle, represents the right half of the 
septal fold atrophied to half its original dimensions (Plate XVI. diag. 16, K), in common 
with the other portions of the right ventricular wall (F)*. The right ventricular wall 
after birth, it will be remembered, is only half the thickness of the left (Plate XV. 
compare d'd" with cd of fig. 61). This view seems probable from the fact, that the sep- 
tum in some places (Plate XV. fig. 50, dd') is nearly a third thicker than the left ven- 
tricular wall (c d) between the papillary muscles y ) — an excess in breadth which very 
nearly corresponds with what would be obtained when allowance is made for the right 
and left halves of the septal duplicature passing through each other, until the central 
layef in either is reached, and for the atrophy of the right half of the septal fold as 
suggested. 

4thly. When the cut ends of the common fibres found on the left ventricle, i. e. those 
to the outside of the central layer (Plate XIH. fig. 25,y ), are applied to the fibres form- 
ing the two-thirds of the septum (g) which belong to this ventricle, they arc ascertained 
to agree in direction, and would, if united, give rise to four complete systems of conical 
spirals (two external and two internal), these conical spiral fibres being continuous with 
each other at the apex and also at the base ; whereas the fibres of the right ventricle 
and its share of the septum, treated in the same way, although likewise continuous at 
the base and in the track for the anterior coronary artery, consist merely of spiral frag- 
ments (Plate XIV. fig. S6,fg, d e'), and represent only a part of a more complete system 

t 

* In this explanation I have sapposod that the right ventricle and the right half of the septal fold have 
beoome atrophied to half their original bulk, in accordance with the law that structure and hinction arc related 
to each other as cause and effect — the efforts required for maintaining the pulmonic circulation being probably 
about half those required for the maintenance of the systemic. The converse, however, of this explanation is 
equally true, and migiit be adopted with the same result as far as the comparative thickness of the '^entricles 
is concerned. Thus, instead of supposing that the right ventricle and its half of the septal duplicature becomes 
atrophied, it might be assumed, in accordance with the same law, that the left ventricle and its half of the 
septal dupUcaturo becomes hypertrophied to twice its original dimensions, tho right ventricle and its share of 
the septum remaining stationary. 
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—a portioji nipped off as it were from the perfect cone. (Compare c"dV with cdd' oi 
fig. 60, Plate XV., and E F with H I of diag. 17, Plate XVI.) 

6thly. When casts of the interior of the ventricles are taken, the left ventricular 
cavity (Plate XII. fig. 17), in accordance with the more perfect arrangement of the 
fibres forming the left ventricle, supplies a highly symmetrical double conical screw, the 
right ventricular cavity (Plate XII. %. 16), although it has the same twist, furnishing 
only an incomplete portion. 

6thly. When the so-called common fibres posteriorly (Plate Xlll. fig. 21,//') are dis- 
sected, layer after layer, synchronously with the independent anterior fibres (Plate XIII. 
fig. 23,^2'), both sets are seen to pass through the same changes in direction; in other 
words, they proceed from left to right downwards, graduaUy becoming more and more 
oblique as the central or transverse layer is reached. 

7thly, and lastly. When the fibres of the septum (Plate XIII. figs. 19, 22, & 25, ^e) 
are dissected, layer after layer, with the other portions of the ventricular walls (Plate 
XIII. figs. 18, 21, & 24,//*'), they are obseiTed to pass through the same changes in 
direction ; i. e. they pursue a spiral course from left to right downwards, becoming more 
and more oblique as the central layer (Plate XIII. fig. 28, /^, d e) is reached, after 
which they reverse their course and become more and more vertical in an inverse order. 
They consist moreover of three kinds : first, such as, properly speaking, belong to the 
right ventricle (Plate X.V. fig. 45, 1 ) ; secondly, such as belong more particularly to the 
left ventricle {n) ; and thirdly, such as belong partly to the one ventricle and partly to 
the other (Plate XV. fig. 60, d). Thus, in dissecting the septum from the right ‘Side, 
the fibres first met with belong almost exclusively to the right ventricle. These fibres, 
if traced from below upwards like the other internal fibres of the right ventricle, proceed 
from right to left. Traced from above downwards, their direction is just the reverse, or 
from left to right ; and it is important to note this circumstance, as the internal fibres 
of the right ventricle become mixed up on the septum, at no great depth from its sur- 
face, with fibres belonging exclusively to the left ventricle*, the direction of which is 
also from left to right downwards. There is therefore a portion of the septum in 
which the internal fibres of the right ventricle are mingled with the external fibres of 
the left, and where the two sets pass through each other as the fingers of the one hand 
might be passed between those of the other. The fibres found still deeper, and which 
in feet constitute the left two-thirds of the septum, belong exclusively to the left 
ventricle. These points may be readily established by dissection. 

JExtemal layers of the right and left ventricles (Mamnuil). 

Sujgffrjicial or first exterrml layer. If the ventricles are' dissected together (Plate XIII. 
figs. 18 & 20), the fibres of the superficial or first external layer posteriorly (Plate XIII. 

♦ The exbtence of these fibres in the right third of Ihe septum induced me, when describing tho left 
vmitricle, to regard the septum as forming a part of its walls. 
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fig. 18) run in a spiral almost vertical direction* from left to right downwards, some of 
them proceeding to the left apex (d’% others to the right ventricle (/') ; and if an inci- 
sion be made through the right ventricular wall (Plate XIII. fig. 19), a little to the 
right of the posterior coronary track, and the breach dilated to expose the septum and 
the interior of the right ventricle, it will be seen that the fibres on the right side of the 
septum {g) follow a similar course. On the anterior aspect of the ventricles (Plate XIII. 
fig. 20) the fibres also pursue a spiral nearly vertical direction from left to right down- 
wards f; but there is a great difierence between them and the fibres on the posterior 
aspect. 

On the posterior of the ventricles (Plate XIII. fig. 18) the fibres from the left 
auriculo-ventricular opening and the left ventricle generally {df) cross the track for 
the posterior coronary artery {j), and are found also on the right ventricle (f f'')'* 
hence the epithet common fibres ; whereas on the anterior of the ventricles (Plate XIII. 
fig. 20) the fibres, with the exception of the cross band at the base already referred 
to (w), dip in at the anterior coronary track (o), to appear on the right third of the 
septum (Plate XIII. fig. 19, A), where they are continuous with fibres having acorre- 

sppnding direction. The fibres occurring on the right side of the septum (Plate XIII. 
fig. 19, ( 7 , ^), as well as those lining the interior of the right ventricle generally, are, 
for anything I can discover to the contrary, segmental portions lopped off or isolated 
by the primary notch or reduplication (Plate XVI. diag. 15, a Plate XV. compare k I 
with m n of fig. 45) from the spiral nearly vertical fibres originally lining the interior of 
the left or typical ventricle. If this explanation be adopted, the great structural resem- 
blance presented by the internal fibres of the right and left ventricles respectively is at 
once accounted for. 

Septum Ventriculormi composed of two elements (Mammal). That two elements enter 
into the composition of the septum is probable for the following reasons : — 

1st. If the right ventricle be detached a little to the right of the tracks for the ante- 
rior and posterior coronary arteries, and the septum dissected from the right side (Plate 
XII. figs. 1, 2, 3, & 4), many of the fibres (g e) at no great depth from the surface proceed 
without breach of continuity to the anterior wall (Plate XII. fig. 10, /) and apex (g) of 
the left ventricle, tlius showing that they belong exclusively to the left ventricle ; whereas 
a certain number of them, as has been stated, are ascertained to be continuous with the 
fibres on the outside of the right ventricular .wall (Plate XIII. fig. 21,//"), proving 
them to belong more particularly to the right ventricle. 

A 

• The Buporficial fibres from the right and loft ventricles converge in the track for the posterior coronary 
artery in a manner resembling the letter V (ff'j ) — an arrangement which is confined to the upper or basal 
third of the first layer. Ultimately these fibres curve round to enter the loft apex anteriorly. 

t In the superficial layers of the right ventricle anteriorly, the fibres at the root of the pulmonary artery 
interweave to a considerable extent, and ure matted together. As a similar arrangement exists in the super- 
ficial layers of the left ventrido at the root of the aorta, it is just possible that the large vessels are thereby 
supplied with more secure points of attachment. 
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2ndly. The fibres of the right side of the septum, especially the right third of it, are 
densely matted together, and separate with greater difficulty than the fibres of the other 
portions of the septum and ventricular wall generally. 

3rdly. The exact width of the septum (Plate XV. fig. 60, (f), as compared with the 

left ventricular wall (c d) between the musculi papillares (a:, y), is in some parts nearly 
one-third greater — this increase in bulk affording a redimdancy of material, which was 
to be anticipated, since the two halves of the septal fold (Plate XVI. diagram 16, H K) 
are supposed to have passed partially through, and become blended with each other 
(Plate XVI. diagram 17, E J). 

4thly. Such of the fibres as are found near the centre of the right third of the septum 
cross each other slightly towards the base, and give rise to a curious Y-shaped arrange- 
ment at a point corresponding to the crossing which would be produced by the redupli- 
cation. 

There are other arguments in favour of the septum being formed of two elements by 
a septal reduplication. 

When, for example, the common fibres are dissected posteriorly, more or less inter- 
ruption is experienced in their separation (particularly in the deeper layers) in a line 
corresponding with the track of the posterior coronary artery (Plate XV. fig. 54, c d), 
where the fibres of the border of the reduplication (Plate XVI. diagram 16, G) are 
believed to have united with the fibres of the posterior wall (B). 

The external fibres of the right ventricular wall moreover (Plate XIII. fig. 20, d'f\ 
and fig. 23,^? q) enter the track for the anterior coronary artery (o) throughout its etitire 
extent, for the purpose of appearing on the septum (Plate XIII. figs. 19 & 22, g)j the 
track referred to corresponding with the rut which would be produced by the junction 
of the two halves of the septal duplicature (Plate XVI. diagram 16, A). 

Lastly, the external fibres of the right ventricular wall enter the interior by simply 
bending or folding upon themselves (Plate XIV. figs. 34&35, de^fg, and Plate XV. 
fig. 46, A, 0, 1 ) — an arrangement which presupposes a corresponding reduplication or 
folding in of the anterior wall at some period or other, and one which is altogether 
different from the arrangement of the external fibres of the left ventricle at the apex, 
where the fibres enter the interior in two divisions in a regular whorl (Plato XII. fig. 10, 
g, df, and Plate XVI. fig. 65, e^f). 

Camece columnee and musculi papillarea of the right ventricle {Mammal). The camero 
columnar of the right ventricle (Plate XIV. figs. 43 & 44) are in general better marked, 
and the musculi papillares more numerous' than in the left — a modification traceable 
partly to the shape of the right ventricular cavity (Plate XV. fig. 49, /), and partly to 
the greater number of fixed points required for the attachments of the chordae tendincae 
distribtited to the tricuspid valve. 

In the right ventricle, as in the left, the cameae columnae pursue a spiral nearly vertical 
direction from right to left upwards, and are subject to great variation as regards size, 
number, and general appearance. The musculi papillares in this ventricle, although 
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usually consisting of two as in the left (Plate XIV. fig. 43, are not necessarily limited 
to this number. In the camel and American elk the camese colunmae are altogether 
wanting, the musculi papillares (two in number) being alone present. In the heart of 
the armadillo and red deer the carnca? columnie are feebly developed, the musculi papil- 
lares being generally three in number and small. In the heart of the sheep the carne© 
column© are more fully developed than in the preceding, the musculi papillares being 
sometimes two in number, and sometimes three (Plate XIII. fig. 19, h). In the heart 
of the pig, leopard, and calf (Plate XIV. fig. 43) the came© column© lire still more 
strongly developed, and appear in the form of thick muscular spiral ridges (o), which 
slightly intersect each other and cross the floor of the ventricle (/), the musculi papil- 
lares being sometimes two (A A'), sometimes three, and sometimes four in number. In 
the porpoise, dugong, mysticetus, and human heart (Plate XIV. fig. 44) the came© 
column© are more or less rcticulat(*d, particularly in the two latter, the musculi papil- 
lares varying from two to four (A A' h!’ A'"). This increase in the number of papillary 
muscles in the right ventricle, which might at first sight seem to interfere with the 
bilateral distribution of the fibres in the primary or typical ventricle, is accounted for 
by the fact that in the right ventricle the muscular fasciculi, from which the papillary 
muscles spring, do not always coalesce as in the left ventricle, but remain permanently 
apart. The muscidi papillares of the right ventricle arc less distinctly spiral than those 
of the left, and aie somewhat flattened to suit the concavo-convex shape of the right 
ventricular cavity. They occupy the septal wall posteriorly (h" h'")^ and the right 
ventricular wall anteriorly (A A'). In the right ventricle, as in the left, many of the 
fibres of the came© column© (Plate XIV. fig. 43, o') are continuous at the base with 
corresponding external fibres (d'f), such of them as are not continuous, together with 
the musculi papillares, being rendered so by the intervention of the right auriculo- 
ventricular tendinous ring (Plate XIV. fig, 43, and Plate XV. fig. 46, n')^ the chord© 
tendiiie©, and the segments of the tricuspid valve (Plate XIV. fig. 44, i'). 

Muscular mice of the right ventricle of the Mrd, how formed? 

Distinction founded thereugwn. In the right ventricle of the bird, where the tricuspid 
valve of the mammal * is supplied by a fleshy one, the continuity of the external with 
the internal fibres at the base is complete. This valve, as has been stated, forma the 
distinguishing characteristic between the ventricles of the bird and mammal, and differs 
essentially in its structure from all the other valves of the heart. 

It consists of a solitary fold of muscular substance (Plate XIV. figs. 38, 40, & 41, f), 
which extends from the edge and upper third of the septum posteriorly (Plate XIV. 

* The tricuspid valve, as its name iinplies, consists of three leaves or segments. As, however, the anterior 
segment, or that nearest the pulmonary artoiy, is larger than the posterior and internal segments, from which 
it is divided by a deeper notch than divides the posterior and internal segments from each other, some investi- 
gators regard the valve as consisting of two portions only ; and 1 am inclined to assent to this view, from the 
bilateral nature of the left ventricle, and from my convictiou that the right ventricle and every thing pertaining 
to it is a segment of the left. 
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fig. 39, g) to the ^eshy pons anteriorly {e). The fold opens towards tlie interior of the 
ventricle (Plate XIV. fig. 40, ^), in a direction from above downwards (Plate XIV. 
fig. 41 , i)y and is deepest at the edge of the septum posteriorly (Plate XIV. figs. 39 & 40, g). 
As it gradually narrows anteriorly (z), it is somewhat triangular in shape, its dependent 
and free margin {g) describing a spiral Tyhich winds from behind forjvarcls, and fi’om 
below upwards. The valve, from its substance and structure, may be appropriately 
termed the musculo-spiral valve, and is seen to advantage in the right ventricle of the 
emu (Plate XIV. fig. 41), swan (Plate XIV. figs. 38&39), turkey (Plate XIV, fig. 40), 
capercailzie, and eagle. It is composed of fibres from all parts of the floor and lower 
third of the right ventricle interiorly (Plate XIV. fig. 40, y), and from the upper third 
of the left ventricle and septum posteriorly (Plate XIV. figs. 39 & 40, g). The fibres 
from the lower third of the right ventricle interiorly, are spread over a large surface, 
and pursue a more or less vertical and slightly spiral direction. They gradually detach 
themselves in two portions (Plate XIV. fig. 40, h,j) from the right ventricular wall, and 
converge towards the centre of its middle third, where they form a flattened spindle- 
shaped muscular band (Plate XIV. fig. 40, h). Arrived at this point and continuing 
their spiral course, they diverge or spread out to assist in forming the inner and free 
leaf (t g) of the muscular fold (Plate XIV. figs. 39, 40, & 41, g ) — one portion bending 
over in graceful spiral curves (Plate XIV. fig. 40, i) in a direction from within outwards 
and from below upwards, to become continuous with the superficial or external fibres at 
the base, a second portion bending over in like manner (^') to become continuous Avith 
certain fibres from the upper third of the second layer of the septum and left ventricle 
posteriorly, a third portion. (<?"') pursuing a similar course to unite with the fibres from 
the upper third of the third layer of the septum and from the left ventricle. If that 
surface of the dependent or free leaf of the valve which is directed towards the right 
ventricular wall be examined, a fourth portion (g) is found to be continuous with the 
fibres of the upper third of the fourth or transverse layer. The muscular valve of the 
bird may therefore be said to be composed of the fibres entering into the formation of 
the several layers of the right ventricular wall, (the ventricular wall in fact bifurcates 
or splits up towards its base,) the external layers forming the outer wall of the valve, 
the internal layers, which are slightly modified, forming the inner. It is to this splitting 
up of the right ventricular wall towards the base (Plate XIV. fig. 41, k) that its greater 
tenuity in this direction, as compared with the right ventricular wall of the mammal 
(Plate XV. fig. 49, y), is to be traced. If the muscular valve be regarded as an inde- 
pendent formation, which it can scarcely be, it will be best described as a structure 
composed of fibrous loops, these loops being of three kinds and directed towards the 
base — the first series consisting of spiral nearly vertical fibres forming a somewhat acute 
curve, the second series consisting of slightly oblique spiral fibres forming a larger or 
wider curve, and the third series consisting of still more oblique fibres and forming a 
still greater curve. As the fibres composing the different loops act directly upon each 
other during contraction, the object of the arrangement is obviously to supply a move- 
* 3 B 2 
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able partition or septum which shall occlude the right auriculo-ventricular opening during 
the systole. The manner in which the several loops act is determined by their direc- 
tion. Thus the more vertical ones, in virtue of their contracting from above down- 
wards, have the eifect of flattening or opening out the valvular fold, and in this way 
cause its dependent or free margin to approach.the septum. The slightly oblique flbres, 
which contract partially from above downwards, but principally from before backwards, 
assist in this movement by diminishing the size of the right auriculo-ventricular orifice 
in an antero-posterior direction, — it remaining for the very oblique and transverse fibres, 
which contract from before backwards, and from without inwards, to complete the move- 
ment, by pressing the inner leaf of the fold directly against the septum — an act in which 
the blood plays an important part, from its position within the valve, this fluid, according 
to hydrostatic principles, distending equally in all directions and acting more immedi- 
ately on the dependent or free margin of the valve, which is very thin and remarkably 
flexible. When a vertical section of the fold forming the valve of the bird is made, 
that portion of it which hangs free in the cavity is found to be somewhat conical in 
shape, the thickest part being directed towards the base, where it has to resist the 
greatest amount of pressure — the thinnest corresponding to its dependent and free 
margin, where it is applied to, and supported by, the septum. The upper border of the 
fold is finely rounded, and in this respect resembles the convex border which limits the 
right ventricle of the mammal towards the base. 

The spindle-shaped muscular band (Plate XTV. fig. 40, A), which from its connexion 
may be said to command the upper (/) and lower (j) portions of the right ventricle 
interiorly, is obviously for the purpose of coordinating the movements of the muscular 
valvular fold ; and as its position and direction nearly correspond with the position and 
direction of the musculus papillaris situated on the right ventricular wall of the mammal 
(Plate XIV. fig. 44, 4'), it is more than probable that it forms the homologue of this 
structure. Indeed this seems almost certain from the fact that, if the ventricles of the 
bird be opened anteriorly (Plate XIV. fig. 40), and the band referred to contrasted with 
the anterior musculus papillaris of the left ventricle (y), both arc found to occupy a 
similar position. The fleshy band therefore may be said to be to the muscular valve of 
the right ventricle, what the anterior musculus papillaris and its chord® tendine® are 
to the segments of the mitral valve. Compared with the tricuspid valve of the mammal, 
the muscular valve of the right ventricle of the bird is of great strength. As, more- 
over, it applies itself with unerring precision to the septum, which is slightly prominent 
in its course, its cflicicncy is commensurate with its strength. The prominence on the 
septum alluded to is very slight, and might escape observation, were it not that immedi- 
ately below it the septum is hollowed out to form a spiral groove of large dimensions (^' 
This groove, like the valve, runs in a spiral direction from behind forwards, and from 
below upwards, and, when the valve is applied to the septum during the systole, con 
verts the right ventricular cavity into a spiral tunnel, through which the blood is forced, 
on its way to the pulmonary artery. Such of the fibres of the superficial or first external 
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layer of the right ventricle of the mammal as are not continuous with corresponding 
external fibres at the base arise in two divisions (Plate XIV. fig. 30, d,/), — the one from 
the fibrous ring surrounding the pulmonary artery (Plate XV. fig. 46, Ic) and aorta (a), 
and the anterior half of the fibrous ring surrounding the right auriculo-ventricular 
opening (Z), together with a corresponding portion of the septum {e ) ; the other from the 
posterior half of the fibrous ring («') surrounding the right auriculo-ventricular opening, 
the posterior half of the septum, and a limited portion of the left auriculo-ventricular 
tendinous ring posteriorly (w). In this layer, consequently, comparatively few of the 
fibres belonging to the left ventricle (Plate XIII. fig. 18,^) cross the posterior coronary 
groove (j) to become continuous with the fibres on the right (/'); and it is worthy of 
observation, that as the dissection advances the number of the so-called common fibres is 
augmented. This increase of the common fibres, which is gradual and follows a certain 
order, is referable to the source and direction of the fibres constituting the several layers. 
In the first layer, as has been explained, the common fibres proceed from a limited por- 
tion of the left auriculo-ventricular opening posteriorly ; and as their direction is little 
removed from the vertical, few of them cross the posterior coronary groove to appear on 
the right. In the second layer, however, the common fibres proceed from the posterior 
and outer portion of the left auriculo-ventricular opening (Plate XIII. fig. 21, /’), and, 
their direction being more oblique, a considerable proportion cross the posterior coronary 
groove {j). In the third layer (Plate XIII. fig. 24, the direction is still more 
oblique, and a greater number of tjie fibres consequently cross the groove referred to. 
In the fourth layer the direction of the fibres is horizontal (Plate XIII. fig. 27,/ tZ), and 
the fibres almost all cross the groove in question. In the last-mentioned layer the fibres 
may be said to emanate from the left auriculo-ventricular opening all round. In speaking, 
therefore, of the fibres which are common to both ventricles posteriorly, it will faci- 
litate the comprehension of their arrangement, to say that they radiate from different 
portions of the left auriculo-ventricular opening at different levels, these levels corre- 
sponding with the depth of the layer involved. 

Peculiarities of the right ventricle of the mammal— fleshy pons — infundibulum — lone 
of the heart, &c. In the right ventricle, as in the left, the layers increase in thickness 
from without inwards ; but there is this difference : the layers of the right ventricle are 
comparatively thinner than those of the left, owing to the fibres constituting them being 
more delicate. The greater delicacy of the fibres of the right ventricle may be explained 
either by an arrest of growth after birth, or to their becoming subsequently atrophied. 
The fibres of the right ventricle, as a rule, form only curves or segments of spirals 
(Plate XIV. figs. 36 & 37), a certain number of them anteriorly (especially those of the 
internal layers*) bending over and uniting with corresponding fibres from the right side 
of the septum to form a fibrous archway (Plate XIII. figs. 18, 21, 24, & 27, m), which 

^ The fibres of the external layers which enter into the formation of the fleshy pons, arise in many instances 
from the root of the pulmonary artery and aorta, and from the anterior portion of the rig|it aunculo-ventricular 
opening. 
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separates the right auriculo-ventricular opening {1) from that of the pulmonary artery (1c). 
This fibrous archway has been appropriately denominated the fieshy pons, and is more or 
less spindle-shaped, from the fact of its forming the boundary between the auriculo- 
ventricular and pulmonic orifices, the former of which is oval, the latter circular. It 
varies in size according to the dimensions of the heart. In the sheep, calf (Plate XIV. 
fig. 43, m), hog, leopard, deer, and seal it is usually about half an inch in breadth at 
its narrowest portion, and rather less than a quarter of an inch in thickness ; while in 
the giraffe, camel, and horse it increases to twice these dimensions. 

Another peculiarity in the right ventricle of the mammal, to which a passing allusion 
is due, appears in the form of a conical-shaped projection (Plate XTV. fig. 37, w), the 
so-called infundibulum (Cruveiliiier), or conus arteriosus (Wolff*), situated at the 
upper and anterior portion (p) of the ventricle. This projection, which communicates 
above or at its summit with the pulmonary artery (^), has the effect of lengthening the 
right ventricle towards the base to the extent of half an inch or so in moderate-sized 
hearts, and in this way makes up the deficiency of the right ventricle towards the apex. 

The vertical measurement of the right and left ventricles is consequently nearly equal. 
The conus arteriosus is composed extenially'l’ of fibres which arise more immediately 
from the fibrous ring surrounding the orifice of the pulmonary artery (Plate XV. 
fig. 46, k ) — these fibres having a plicated or tortuous arrangement (<?), similar to that 
which occurs in the superficial layer of the ventricle of the fish and reptile. As, how- 
ever, the fibres alluded to are separable into layers (Plate XIV. figs. 30 & 31 , k\ and 
are continuous with the fibres of the external layers of the right ventricle generally, with 
which they correspond in direction (/d), they are not entitled to a separate description. 
The more internal portions of the conus arteriosus are composed of the intemal layers 
of the right ventricle. An additional peculiarity in the right ventricle of the mammal 
consists in the existence, in a large number of quadrupeds, of a curiously shaped bone 
(Plate XIV. figs. 30 & 31, c) which is imbedded in the right side (a) of the fibro-cartila- 
ginous ring surrounding the aortic orifice. The bone in question, on account of its being 
more fuUy developed in some instances than in others J, varies considerably as regards 

• “ This author drew a distinction between the conus arteriosus and the inftindibulum, applyiJig the former 
epithet to that portion of the ventricle from which the pulmonary artery springs, and which is prolonged up- 
wards above the level of the rest of the ventricle. In the term infundibulum ho included a larger portion of 
the vontriclo, apparently that portion placed above a lino drawn from the upper and right margin of the ven- 
tricle obliquely downwards to the anterior fissiue. As the upper part of the right ventricle becomes gradually 
narrower, ho supposed 'that it increases the velocity and impetus of the blood as it is drawn from the vontriclo.” 
(Acta Acad. Imper. Petropol. pro anno 1780, tom. v., vi. p. 209, 1784.) 

t The arrangement of the fibres entering into the composition of the conus arteriosus interiorly is described 
at p. 479. 

X Biumeitbach (Comparative Anatomy, translated by Mr. Lawrence, p. 138) speaks of two bones as existing 
in tho heart of the stag and the larger adult bisulca. According to Mr. W. 8. Savory, two principal bones (a 
lai^r and a smaller), together with several irregular firagmmits, are found in tho hearts of the targer ruminants. 
(Observations on tho structure and Connexions of the Yolves of the Human Heart, 1851.) The author of the 
present paper has occasionally seen the fragments alluded to hy Mr. Savory. 
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form. Usually it resembles the mould of a ploughshare; t. e. it is more or less trian- 
gular, and slightly bent or twisted upon itself to suit the curve of the aorta. That it per- 
forms no very important function, and is not necessary for the attachment of the fibres 
of the septum, is abundantly proved by its absence in a great number of instances. 
The os cordis^ as it has been termed, is generally met with in the hearts of the horse, 
ox, sheep, and deer, and very rarely in man, the seal, pig, dog, hedgehog, hare, rabbit, 
and cat. 

Lastly, the shape «f the right ventricle is peculiar. Viewed vertically, it fonns two 
irregular cones, a larger and inferior cone, and a smaller and superior one (the conus 
arteriosus). They spring from a common base and have widely separated apices. The 
bases of the cones correspond urith a line drawn from the posterior portion of the right 
auriculo-ventricular opening (Plate XIV. fig. 31, c) to a point in the track for the 
anterior coronary artery, midway between the ai^ex (d) of the right ventricle and the 
root of the pulmonary artery (^"). The apex of the larger or inferior cone (Plate XIV. 
fig. 31) corresponds with the apex of the right ventricle (fZ), and the apex of the smaller 
or superior one with tin? root of the pulmonary artery (k). Viewed transversely or by 
means of transverse sections, the right ventricle is found to be concavo-convex (Plate XV. 
figs. 40, 50, & 51, Z), its concavity being turned towards the convexity of the left {b); in 
other words, the right ventricle is as it were flattened out and applied to or round the 
left one. Viewed from before backwards, or in an antero-posterior direction, the right 
ventricle is found to be twisted upon itself (Plate XII. fig. IG, and Plate XIV. figs. 34, 
35, 36, & 37), the two cones of which it is composed twisting in opposite direction.s — 
the larger or inferior cone (Plate XII. fig. 16, Z h m, and Plate XIV. fig. 37, jJ q (f) 
in a direction fj'om left to right downwards, the smaller or superior one (Plate XII. 
fig. 16, /*^,^nd Plate XIV. fig. 37,^ w k) in a dkectiorj from right to left upwards. 

Second external layer of the right and left ventricles (Mammal). When the superficial 
or first external layer, which in the mammal is comparatively thin, is removed, the 
second layer (Plate XIII. fig. 21), com]7osed of fibres similarly arranged to those taken 
away, is exposed. The fibres of the second layer posteriorly proceed in a spiral direc- 
tion from left to right downwards, and are for the most part* common to both ventri- 
cles (ff) ; i. e. the fibres found on the left ventricle (f) cross the posterior coronary 
track (j ), and are found also on the right ventricle (ff") ; while the fibres on the 
anterior aspect, which also proceed in a spiral direction from left to right downwards, 
with the exception of a broad band at the base, dip in at the anterior coronary track to 
appear on the right third of the septum, where they are continuous with fibres having a 
corresponding direction (Plate XIII. fig. 22, g). The fibres of the second layer differ from 
those of the first in being slightly fascicular, and in issuing from the auriculo-ventricular 
openings (Plate XIII. fig. 21, b 1) and entering the left apex and anterior coronary 
groove mor^ obliquely. They further difier in having a more oblique direction. The 
fibres of the second layer are arranged in two sets, the one of which proceeds from rather 
* A fow of the fibres of the second layer proceed to the left apex only. 
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more than the anterior half of the septum and right auriculo-ventricular opening (Q, 
and from the root of the pulmonary artery (k) ; the other from rather less than the« 
posterior half of the septum and right auriculo-ventricular opening (1), and from the 
posterior and outer half of the left auriculo-ventricular opening (5). The number of 
fibres, consequently, which proceed from the left ventricle (/) to cross the track of the 
posterior coronary artery (J), to become continuous with fibres having a similar direction 
on the right ventricle {f'f'% is greater in the second layer than in the first. 

Second layer of the septum — curious Y-shaped arrangement of the fibres— fibres of the 
right ventricle continuous anteriorly and posteriorly. The direction of the fibres of the 
second layer of the septum (Plate XIII. fig. 22, g) corresponds with the direction of 
the fibres of the second layer on the anterior and posterior aspects {ff\ d d’) of the left 
ventricle, and with the direction of the fibres of the second layer of the right ventricle 
(Plate XIV. fig. 31,//', d d'). In addition, the fibres of this and the succeeding layer 
diverge from each other at the upper third of the septum, and occasion an arrangement 
resembling the letter Y, the one portion bending over to assist in the formation of the 
fleshy pons anteriorly, the other, curving round to become continuous with the fibres of 
the right ventricle, having a like direction posteriorly (Plate XIV. fig. 31, /d). The 
fibres of the right ventricle (Plate XIV. fig. 35,/ tZ), as was shown, are continuous in the 
track for the anterior coronary artery (o) with fibres having a similar direction on the 
septum (g d). They are likewise in many instances continuous with fibres frohn the sep- 
tum^ in the track for the posterior coremary artery (Plate XIII. apply ge to/ d! of fig. 22), 
and form flattened rings. These points are best seen when the left ventricle is detached 
from the right, and the septum is dissected from the left side. 

Third external layer of the right and left ventricles (Mammal). The fibres of the third 
layer (Plate XIII. fig. 24) resemble in their course and general configuration the fibres 
of the second layer, and proceed in a spiral direction from left to right downwards 
anteriorly, posteriorly (//, d' d"), and sepfeally (Plate XIII. fig. 26, g e). They differ, 
however, from those of the second in being slightly more fascicular, in forming a thicker 
layer, and in having a diiection which is almost transverse. The number of common 
fibres posteriorly (Plate XIII. fig. 24,//', d' d") is greater in this layer than in the 
second, partly on account of their very oblique dfrection, and partly from their pro- 
ceeding from the left auriculo-ventricular opening nearly all round. Such of the fibres 
as cross the posterior coronary track to appear on the right ventricle* posteriorly (/ d"), 
curve round in an anterior direction until they reach the track for the anterior coronary 
artery. Arrived here, they dip in at the anterior coronary groove (throughout its entire 
extent) to assist in forming the third layer of the septum (Plate XIII. fig. 26, g e). 
They also contribute to the Y-shaped arrangement of the fibres alluded to in layer two, 
the one arm or process giving off fibres to assist in building up the fleshy pons, the other 
giving off fibres to become continuous posteriorly with such as belong ^o the right 

* In this layer, as in the last, a certain number of the fibres do not cross the posterior coronary groove, but 
proceed at once to the left apex. 
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ventricle. The fibres of the third layer (Plate XIII. fig. 24) are continuous with 
corresponding internal fibres at the base, and proceed from two sources — the one set 
from the posterior third of the septum and the posterior half and anterior third of the 
right and left auriculo-ventricular openings (d 1), the other from the remaining ante- 
rior portions of the auriculo-ventricular openings and the anterior two-thirds of the 
septum. 

Fourth or central layer of the right and left ventricles {Mammal). The fibres of the 
fourth layer (Plate XIII. fig. 27, yd), unlike the fibres of the other layers, run athwart 
the ventricles, or at right angles to an imaginary line drawn from the base to the apex. 
Their direction, which from this circumstance is more or less circular, is accounted for by 
the external fibres, which run in a spiral direction from left to right downwards, turning 
abruptly upon themselves in this layer (Plate XII. compare fg^ d e, with k of fig. 4) 
to reverse their course and proceed in an opposite direction, viz. from right to left 
upwards (Plate XIII. fig. 27, ^ q). The fourth layer consequently forms the boundary 
between the external and internal layers in both ventricles* ; and when it is removed the 
order of arrangement is reversed: the fibres, instead of proceeding from left to right down- 
wards, becoming more and more oblique, proceed from right to left upwards, gradually 
returning to an imaginary vertical in an inverse order. The fibres of the right ventricle, 
it may be observed, pass through the several changes in direction referred to, more 
rapidly than those of the left; in other words, the fibres of the right ventricle, when 
the dissection is conducted from without inwards, change from the nearly vertical to 
the horizontal, and from the horizontal back again to the nearly vertical at compara- 
tively slight depths from the surface, an arrangement evidently occasioned by the greater 
tenuity of the right ventricular fibres. The difierence in the depths at which the layers 
of the right and left ventricles are found, introduces important changes in the appear- 
ance presented by the ventricles at difierent stages of the dissection. Thus, when the left 
ventricular wall is half dissected through posteriorly (Plate XV. fig. 64), the right 
ventricular one is quite dissected awayf. I say posteriorly, because, as was explained, 
the left ventricular wall anteriorly is but little affected, owing to the manner in which 
the fibres common to both ventricles radiate from the latter. The fibres of the fourth 
layer proceed in flattened fascicular bands from the auriculo-ventricular orifices all round 
(Plate XIII. fig. 27, bl)^ and illustrate very well the comparative depths at which the 
layers of the right and left ventricles are found. On transverse section the outer half 
of the central layer of the left ventricle posteriorly is ascertained tp be on the same 
level with the internal layers of the right ventricle. Such of the fibres of the fourth 
layer as are common to both ventricles proceed from left to right, and, having crossed 
the posterior coronary groove, curve round on the right ventricle until they reach the 
groove for the anterior cotonary artery (Plate XIII. fig. 23, oo'), where they dip in (r) 
to traverse tj^e septum (Plate XIII. fig. 28, g e) in an antero-posterior direction, and so 

• The fourth layer of the right ventricle is represented at Plate XIII. fig* 28 , p q. 

i* The right yentride is only he^ the thickness of the left. 

MDCCCLZIV. 3 s 
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return to the posterior wall, where many of them are continuous with the fibres of 
fourth layer of the right ventricle. The fibres which are not common, and which belong 
more particularly to the left ventricle, dip in at the posterior coronary groove to traf- 
verse the septum (Plate XV. fig. 64, g) in an opposite direction, or from behind for- 
wards, where they are continuous with the fibres of the left ventricular wall. 

Internal layers of the right ventricle (Mammal). 

When the fourth or central layer of the right ventricle (Plate XIII. fig. 23,^ j), 
which is on the same level with the more superficial portions of the central layer of the 
left one (Plate XIII. fig. 27,/rf), is removed, there is no longer any continuity between 
the fibres of the right and left ventricles posteriorly ; in other words, the common fibres, 
or those which pass from the one ventricle to the other, arc dissected away, and the 
layers beyond or to the inside of the layer in question belong exclusively to one or other 
of the ventricles. This arrangement is apparently occasioned by the fibres of the poste- 
rior border of the septal duplicature (Plate XVI. diag. 16, G) passing through and be- 
coming blended with those of the posterior wall, only until the central layer in either 
ventricle is reached (Plate XVI. diag. 17, K). The internal layers of the right ventricle 
(Plate XIII. figs. 26 & 29, and Plate XIV. figs. 32, 33, 36, & 37), as has been partially 
explained, are, according to my belief, segmented portions of similar layers isolated from 
the left or typical ventricle by the primary notch or reduplication. This hypothesis is, 
I may observe, countenanced by their possessing the general characters of the internal 
layers of the left ventricle without being so complete. The fibres of the internal layers 
of the right ventricle proceed in a spiral direction from right to left upwards (Plate XIV. 
fig. 32,'^y, q j'), the fibres of the several layers, when the dissection is conducted from 
without inwards, becoming more and more vertical (Plate XIV. fig. 33, S' 3 ^) as the 
interior is reached. They tlienjfore pass through all the changes in direction through 
which those of the left ventricle pass — the fibres of the seventh or last internal layer; 
crossing the fibres of the superficial or first external layer at an acute angle, the fibres of 
the second and sixth layers at a slightly obtuse angle, and the fibres of the third 
(Plate XIV. fig. 31) and fifth (Plate XIV. fig. 32) layers at a very obtuse angle. When, 
however, the spirals formed by the fibres of the internal layers of the right ventricle 
(Plate XIV. figs. 36 & 37) are examined or compared with the spirals formed by the 
fibres of the internal layers of the left ventricle (Plate XII. figs. 6 & 7), the segmentary 
nature of the former is at once apparent, these in no instance forming complete double 
conical spirals similar to those found in the left ventricle, but only spiral fragments, or 
at most flattened rings, such as would be obtained by isolating or detaching a portion 
of a perfect cone composed of the double conical spirals described. 

Fifth layer of the right ventricle (Mammal). The fifth layer of the right ventricle 
(Plate XIV. fig. 32), from the fact of its being immediately to the inner side of*the 
fourth central or transverse layer (Plate XIII. figs. 23 & 28, p q)^ is the first of the in- 
ternal ones (Plate XIV. fig. The fibres composing it proceed in a very 
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oblique spiral direction from behind forwards and from right to left upwards ; and 
are aggregated into well-marked fascicular bundles which are continuous anteriorly 
(Plate XIV. figi 36, o) and for the most part posteriorly with fibres having a like direc- 
tion on the right third of the septum (jpV)* They continuous also with the fibres 
of the third external layer at the base. As the common fibres do not extend to, or im- 
plicate the internal layers, the fibres of the right third of the septum readily become 
continuous with internal fibres on the posterior wall having a corresponding direction 
(Plate XIV. fig. 32, p q). The fibres of the fifth layer (Plate XIV. fig. 32) split up or 
bifurcate at a point corresponding with the fleshy pons, into the formation of which they 
enter, the one half bending over in a direction from without inwards (m) to become 
continuous with fibres from the septum having a similar direction — the other half curving 
round the infundibuliform portion of the right ventricle anteriorly (jp') to dip in at the 
track for the anterior coronary artery (Plate XIII. fig. 26, o), from which they emerge 
with the septal fibres referred to. The fibres of the fifth layer seldom make more than 
one turn of a spiral, many of them, from terminating at the root of the aorta and septum 
anteriorly, making less. 

Sixth layer of right ventricle (Marrnml). The fibres of the sixth layer of the right 
ventricle (Plate XIV. fig. 33) agree in their more important features with the fibres of 
the fifth layer ; i, e. they proceed in a spiral direction from right to left, or from behind 
forwards and from below upwards qq')^ the fibres bifurcating (m to assist in form- 
ing the fleshy pons (m) and the infundibulum (q'). The, fibres of the sixth layer agree 
with those of the fifth in being continuous anteriorly (Plate XIV. * fig. 37, w) and 
posteriorly (Plate XIV. %. 33, p q) with fibres having a similar direction on the septum 
(Plate XIV. fig. 37,^'2^), and with corresponding external fibres (the fibres of the second 
layer) at the base (Plate XIV. fig. 31,^*', dd'). The fibres of the sixth layer differ from 
those of the fifth in pursuing a slightly more vertical direction, and in not being quite 
so fiiscicular. They form the homologues of the fibres of the second layer. 

Seventh or last internal layer of right ventricle {Mammal), The fibres of the seventh 
or last internal layer of the right ventricle are those principally engaged in the forma- 
tion of the cameee columnas and musculi papillares of the right ventricle, and have been 
already described. 

The points established with refererwe to the right ventricle are these : — 

1st Many of the fibres entering into the formation of the right ventricular wall pro- 
ceed from the left auriculo-ventricular opening, so that the right ventricle is to a certain 
extent dependent for its existence on the left. 

2ndly. The external fibres of the right ventricle, with the exception of a broad band 
at the base, limited to the first two external layers, dip in at the track for the anterior 
coronary artery, to appear on the septum. 

3Mly. Many of the fibres, espemally of the deeper layers, are continuous anteriorly 
* fa Plato XIH. fig. 29, tho fibres in question (p j) are seen dipping in at the anterior coronary track 
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and posteriorly, and form flattened rings, which accommodate themselves to the shape 
of the ventricle. 

The points in which the fibres of the right ventricle differ from those of the left are 
the following : — 

1st. They are more delicate. 

2ndly. They form segments of spirals and flattened rings, instead of double conical 
spirals. 

Srdly. The external fibres enter the anterior coronary groove to become internal, not 
at one particular point, as in the apex of the left ventricle, but throughout its entire 
extent, the broad band at the base excepted. 

4thly. The fibres of the right ventricle form a constriction anteriorly (the so-called 
fleshy pons). This constriction separates the pulmonary artery from thl; auriculo-ven- 
tricular opening, and does not exist in the left ventricle, unless the septal segment of 
the bicuspid valve is taken to represent it. 

Vertical section of the right ventricle (Mammal). 

When a vertical section of the right ventricle is made posteriorly (Plate XIV. figs. 
43 & 44, s), it is found to taper in two directions, as in the left. It differs, however, 
from a similar section of the left ventricular wall in being comparatively much thicker 
towards the apex. This arises from the manner in which the right apex is formed, and 
is readily explained according to the segmentary process which is believed to separate the 
right apex from the left in utero. Into the extreme apex of the left or typical ventricle, 
as was shown, only one layer enters ; whereas into successive portions of the left ventri- 
cular wall (at slight removes from the extreme apex) two, three, and four layers enter. 
But the right apex is known to be separated from the right side of the left apex at a 
part considerably above its extreme point, and where the left ventricular wall is some- 
what thickened; so that probably two or even three layers enter into the construction 
of the right apex. 

Transverse sections of the right and left ventricles (Mammal). 

What has been said with reference to the difference in direction of the several exter- 
nal and internal layers of the right and left ventricles and septum, the common nature 
of the fibres posteriorly, and their independent nature anteriorly, the varying thickness 
of the right and left ventricular and septal walls, the conical shape of the right and left 
ventricular cavities, &c., is fully borne out by transverse sections. When a transverse 
section of the ventricles of the deer is made half an inch or so from the base (Plate XV. 
fig. 49), the following phenomena are observed : — 

1st. The cut ends of the more vertical fibres exteriorly (c dd') and interiorly (d d’d”) 
are nearly equal in number, and are seen to the outside and inside of the deepeSr or 
more central fibres. The prevailing direction of the central fibres, on the septum (d) 
and left ventricular wall (e)t is more or less circular, owing probably to many of the 
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internal fibres changing their direction at this point to become external. On the right 
ventricular wall the fibres composing the more central layers are distinctly seen to cross 
each other {f), 

2ndly. The fibres which are common to both ventricles posteriorly, can be traced pass* 
ing from the left ventricle to the right (g). 

Srdly. The lai^e fascicular bundles of fibres which constitute the camesB columnse 
(oo'o"), and the free ends of the musculi papillares with their chordae tendincae attached 
{xy\ may be recognized surrounding the ventricular cavities (i 1). 

4thly. The shape of the left ventricular cavity at this point is oval (J), and of the 
right cavity concavo-convex (1). 

5thly. The thickness of the left ventricular wall (c d) and the septum (dd') is as nearly 
as possible equal, that of the right ventricular wall {d'd") being only half the thickness 
of either of the former. 

6thly. The thickness of the ventricular walls, as a whole, is not quite so great in this 
section as it is three-quarters of an inch nearer the apex (Plate XV. fig. 50). 

In a transverse section rather less than an inch and a half from the base (Plate XV. 
fig. 50) the same phenomena are repeated, with the following slight differences : — . 

1st. The aggregate of the external fibres {c d') is considerably less than the aggregate 
of the internal ones {d d"), out of which the camese columnse (o) and musculi papillares 
hh') spring — an arrangement necessitated by the external fibres requiring in this 
instance to crowd together, in order to accommodate themselves to the diminished 
calibre of the cone interiorly. 

2ndly. The common fibres posteriorly {g) pass from the left to the right ventricle, and 
dip or bend in at the track for the anterior coronary artery, to become continuous with 
fibres having a similar direction on the septum {m). 

Srdly. On account of the great preponderance of the internal fibres, and the project- 
ing of the musculi papillares into the interior, the appearance of the ventricular cavities 
is considerably changed. Thus the left ventricular cavity (i) is triangular — the right 
ventricular one (?) being concavo-convex, and having two constrictions init caused by the 
anterior (A') and posterior (A) musculi papillares. 

4thly. The thickness of the septum {dd') is nearly one-sixth greater than that of the 
left ventricular wall (cd), between the papillary muscles (xy\ the thickness of the right 
ventricular wall (d'd'') being only half that of the latter. 

5thly. The thickness of the ventricular walls is greater in this section than in any 
other. 

When a transverse section is made about two inches and a quarter from the base 
(Plate XV . fig. 51), the thickness of the ventricular walls (c d, dd', d'd") is found to have 
diminished slightly. The peculiarities of this section are these • 

1st. The preponderance of the internal (d d") over the external (c d') fibres, especially 
in the left ventricle, is more marked than in the two preceding sections. 

2ndly. The circular nature of the more central fibres is also better defined {ed)j the 
fibres being observed to cross each other (/). 
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Srdly. The muscoli papillares {my) of the left ventricle {b) are very prominent, the 
left ventricular cavity {h) from this circumstance being more triangular in shape than in 
the second section (Plate XV. fig. 60). 

4thly. The right ventricular cavity (Z), from its proximity to the right apex, is more- 
over greatly reduced in size. 

In a transverse section three and a half inches from the base, and fully half an inch 
from the left apex (Plate XV. fig. 62) — the right apex is now removed — ^the subjoined 
results are obtained : — 

1st The preponderance of the internal {d d') over the external {c d) fibres is still more 
marked, illustrating the necessity for the internal fibres overlapping and crowding on 
their appearance in the interior, more especially at the apex, where the cavity is greatly 
reduced. 

2ndly. The circular nature of the more central fibres {e d) is still better defined, many 
of the external fibres at this point reversing their direction to become internal. 

Srdly. The musculi papillares are very prominent, the external fibres which have just 
entered the interior being seen to curve into them {my), 

4thly. The left ventricular cavity (^), from the comparatively large dimensions of the 
musculi papillares, is gi’eatly diminished and the form of the left ventricular cavity is 
more or less bayonet-shaped. 

In a transverse section a quarter of an inch from the extremity of the left apex 
(Plate XV. fig. 63), the peculiarities of the preceding section (fig. 62) are found exagge- 
rated. Thus the quantity of the internal as compared with the external fibres is in- 
creased — the more central fibres {e d), from the great number of external ones which at 
the apex change their direction to become internal, curving round in a regular whorl, 
many of them entering directly into the composition of the musculi papillares (my) ; 
the left ventricular cavity is now all but closed. 

Casts of the interior of the right and left ventricles (Mammal), 

When casts of the interior of the ventricles are taken, the left ventricular cavity 
(Plate XII. fig. 17), as has been stated, yields a highly symmetrical conical screw whose 
spiral runs from left to right downwards, the right ventricular cavity (Plate XII. fig. 16) 
yielding a more unsymmetrical one — unsymmetrical in this sense, that it is flattened out 
and applied to or round the left. The amount of spiral made by the left ventricular 
cavity is rather over a turn and a half ; that made by the right ventricular cavity rather 
under a turn. 

• In this and the following section, tho cavity of the left ventricle, towards the apex, would bo at once obli- 
terated by a slight approximation of the musculi papUlares — this approximation of the papillary muscles being 
effected by tho contraction of the spiral nearly circular fibres which constitute the apex. By this arrangement, 
the apex, which is the weak part of the ventricle, can be readily converted into a solid muscular wall capable 
of resisting any amount of pressure. 
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Shape of the right and ventricular cavities^ as shown hy casts and transverse sections. 

As it is difficult to obtain a correct idea of the shape of the ventricular cavities^ a 
detailed description of them may prdve not unacceptable. The left ventricular cavity in 
the fresh heart of the deer, at the extreme base (if the aortic opening is not included), 
is more or less circular in form (Plate XII. fig. 17, J). Half an inch or so from the 
base (Plate XV. fig. 49, h) it changes from the circular to the oval, and is slightly in- 
creased in size from the fact of the left ventricular cavity tapering from its middle 
third towards the base (Plate XII. fig. 17, b). In this portion of the left ventricular 
cavity (Plate XV. fig. 49), the chordae tendinem and the segments of the bicuspid valve 
hang loosely.* 

Receding from the base to the extent of fully an inch (Plate XV. fig. 60, b), the 
appearance of the left ventricular cavity again changes — the change in this instance 
being caused by the projection into it of the flattened oblique heads of the papillary 
muscles (^, y), which convert it from an oval shape into an irregularly triangular one 
(Plate XII. fig. 17, w). 

Proceeding an inch or so nearer the apex, the left ventricular cavity (Plate XV. 
fig. 61, b) becomes smaller and more decidedly triangular, and is, from the prominence 
of the cameae columna; and musculi papillares (Plates XII. & XV. figs. 17 & 61, a?y), some- 
what bayonet-shaped. The bayonet- shaped appearance of the cavity becomes better 
defined as the extreme apex is reached (Plate XV. figs. 62 & 63, i), the cavity itself 
becoming smaller and smaller until it terminates in a point (Plate XII. fig. 17, z). 

The right ventricular cavity (Plates XII. & XV. figs. 16 & 49, 1), which is as it were 
applied to or round the left one (Plates XII. & XV. figs. 17 & 49), is also conical- 
shaped (Plate XII. fig. 16). It agrees with the left in having nearly the same vertical 
measurement, but differs from it in having a considerably greater antero-posterior 
measurement, and a decidedly less transverse one (Plate XV. compare b and I of fig. 49). 
Its shape at the extreme base, owing to the spindle-shaped constriction (fleshy pons) 
which separates it from the opening for the pulmonary artery, is oval * (Plate XV. 
fig. 46, 1). Half an inch from the base it is concavo-convex (Plate XV. fig. 49, /), and, 
from the protruding of the came® column® and musculi papillares (h) at this point, 
more or less irregular. The chord® tendine® and the segments of the tricuspid valve 
hang loosely in this portion of the right ventricular cavity. 

Receding from the base in the direction of the right apex an inch and a half or so 
(Plate XV. fig. 60), the shape of the right ventricular cavity (1) is still concavo-convex ; 
it is* moreover slightly diminished in its antero-posterior and transverse diameters, ill 
conformity with its conical nature (Plate XII. fig. 16). Proceeding to within a quarter 
of an inch of the right apex, the right ventricular cavity (Plate XII. fig. 12, m, and 
Plate XV. fig. 61, 1) is seen to maintain its concavo-convex shape, and to taper gradually 
until it terminates in a blunted extremity (Plate XII. fig. 16, m). 

* In this dcsoription th® infimdibuluin, or conus arteriosus, is regarded as projecting beyond what is coni- 
monly regarded as the base. 
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The comparative size of the right and left ventricular cavities has been the subject of 
considerable discussion, and is not likely soon to be set at rest, from the yielding nature 
of the ventricular parietes. 

Inference deduced prom a consideration op the Arrangement op the Fibres 
IN THE Ventricles op the Bird and Mammal. 

Without presuming dogmatically to assert that the ultimate arrangement of the fibres 
of the ventricles of the bird and mammal is reducible to any known mathematical law, I 
cannot omit mentioning the fact that the arrangement in question can be so thoroughly 
imitated, even in its details, by certain mechanical contrivances about to be explained, 
that I would consider the present communication incomplete, were I not shortly to 
direct attention to them. 

If a sheet of paper, parchment, or any flexible material * whose length is twice that 
of its breadth, be taken, and parallel lines drawn on either side of it in the direction of 
the length, to represent the course of the fibres (Plate XV. diag. 1), all that requires to 
be done, in order to convert it into a literal transcript of one-half of the left or typical 
ventricle, is to lay it out lengthwise across a table, and, catching it by the right-hand 
distant comer, to roll or turn in towards one’s self a conical-shajicd portion (C), and con- 
tinue the rolling process in the direction of the opposite or oblique comer (U), until 
three and a half turns of the sheet have been made and a hollow cone produced, as 
shown at diagrams 4 & 5, Plate XVI. If the sheet be so manipulated, it will be found 
that every line in it is converted into a double conical spiral, — the one-half of the spiral 
being external to the other half, and running from base to apex and from left to right 
(Plate XVI. diag. 3, A B), precisely as in the left ventricle (Plate XII. compare with*the 
direction of the fibres in figs. 1 & 9) ; the remaining half, which is internal, running from 
apex to base, and from right to left (Plate XVI. diag. 3, D E ; Plate XII. compare with 
the direction of the fibres in figs. 7 & 8). Tracing the external spirals to the apex, they 
are seen to turn abruptly upon themselves at this point (Plate XVI. diagrams 3 & 4, C, 
diagrams 8 & 13, D ; Plate XII. compare with apex of fig. 10), to reverse their direction 
and enter the interior, where they are continuous with the internal spirals (Plate XVI. 
diagrams 4 & 6, D E E' ; Plate XII. compare with the fibres marked h of fig. 4) ; and 
if the comers of the sheet be folded out at the base, as has been done at Plate XVI. 
diagrams 3, 4, 6, & 6, and the internal spirals traced from the apex, or from below up- 
wards (Plate XVI. diag. 3, HIJ), they will be seen again to reverse their direction to 
become continuous with the external spirals (F G H), — an arrangement coinciding in 

* Very bcautifol tiansparont models of the left vontriclo may be made, by employing shoots of net of a largo 
pattern, with threads of wool drawn through the interstices at intervals of an inch or so. Sheets of this 
nature have been photographed to illustrate this part of the paper. Very convenient opaque models may be 
constructed by employing portions of newspapers, the reading of which represents the parallel lines. The 
author strongly recommends the use of these models, as a few minutes with such aids will throw more light on 
the course and direction of the fibres than hours of abstract reasoning without them. 
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the most perfect maimer with the structure exhibited in the left ventricle (Plate XII. 
compare the fibres marked ff’ of fig. 1 with those marked o o' o" of fig. 8).» Nor 
does the coincidence stop here. If the cone composed of the spiral lines constructed 
as above (Plate XVI. diagram 4) be examined in a direction from without inwards, it 
will be seen that its walls on the one aspect consist of four distinct layers — two external 
(A A', B, compare with the direction of the fibres in Plate XII. figs. 1 & 3) and two 
internal (D, E E', compare with the direction of the fibres in Plate XII. figs. 5 & 8) ; 
and on the other (Plate XVI. diagram 6) of three — one external (B B', compare with 
the direction of the fibres in Plate XII. fig. 2), one internal (D D', compare with the 
direction of the fibres in Plate XII. fig. 6), and one central (C C' C", compare with the 
direction of the fibres in Plate XII. fig. 4); and, what is remarkable, that the lines 
entering into the formation of the external layers run in different directions, and cross 
those forming the internal layers as in the ventricle itself (Plate XII., compare the 
direction of the external fibres in figs. 1, 2, & 3 with that of the internal fibres in figs. 5, 
6, & 7). Another point of resemblance, deserving of particular attention, is the regional 
distribution of the layers themselves, that side of the cone which is composed of four 
layers (Plate XVI. diagram 4) showing how one layer enters into the formation of the 
extreme apex (C), two into the extreme base (A E') and the portion of the ventricular 
wall immediately above the apex (B D), three into the portion of the wall immediately 
below the base, and four into the upper and more central portion (B' D'), — the other or 
remaining side which is composed of three layers (Plate XVI. diagram 6), showing 
that one layer enters into the extreme apex (C), two into the extreme base (R), and 
three into the, upper and central portion (C' C"). This arrangement proves, curiously 
enough, that the model ventricular wall, like the true one, tapers in two directions, viz. 
towards the base (Plate XII. compare Avith s of figs. 13, 14, & 16) and towards the apex 
(Plate XII. compare with s' of figa 13, 14, & 16). There are other points of resem- 
blance. If the marginal line* (Plate XVI. diagram 3, ABODE) of the sheet rolled 
up as described (and which may be taken to represent the first and seventh layers of the 
left ventricle) be traced, it will be found to proceed in a spiral nearly vertical direction, 
and to run from the extreme base (A) to the extreme apex (C), at which point it reverses 
its course and enters the interior, after which it returns to the extreme base, making one 
turn and a half of a sp^l in either direction, as in Plate XII. figs. 1 & 8. It in this 
manner embraces in its convolutions all the other lines, the initial letters of which are 
H M R V, in the same way that the first layer and its internal continuation, the seventh 
layer, overlaps or embraces all the deeper layers (Plate XII. vj’efe figs. 2, 3, 4, 6, and 6), 
all 6f which are included within and embraced by figs. 1 and 7). If, on the other hand, 
a second line a little removed firom the marginal line (Plate XV. diagram 1, F G H I J)j 

• I have chosen to speak of individual lines, as admitting of more precise description ; but it would be equally 
correct to speak of tiie lines confined to any particular portion of the sheet, for it is tho aggregate of the lines 
in certain portions of it which constitutes tiie layers. Thus the lines composing one-third of the sheet go to 
form tho first external layer and the last internal (Plato XVI. diagram 4, A A' & E E'). 

IfDOOCLXIV. 3 T 
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and which when the sheet is rolled up represents two deeper layers (Plate XVL diagram 
3, F GH I J), be taken, it will be found to pursue a similar though slightly more oblique 
course, and to extend from the extreme base (F) to a point somewhat short of the 
extreme apex (H), where it turns abruptly upon itself at a much wider part of the cone, 
to change its direction and enter the interior; after which, like the other, it gradually 
regains the base (J), — an arrangement which proves that the apex of the artiiical cone 
or ventricle is opened into or enlarged by the removal of successive lines, precisely in 
the same way that the apex of the left ventricle is opened into, or enlarged, by the 
removal of successive layers (Plate XII. compare ed, of fig. 9 with kloi fig. 11). 
It further shows that many of the lines, like the fibres themselves, return to points not 
wide of those from which they started. If another line, about the middle of the sheet 
(Plates XV. & XVI. diagrams 1 & 3, K L M N O), be taken, and traced in the same 
manner, it will be seen to proceed from the extreme base K (Plate XII. compare with 
fibres marked in fig. 3), and to turn upon itself or reverse its direction and enter the 
interior at a still wider portion of the cone M (Plate XII. compare with fibres marked 
k in fig. 3) — i. e. at a point still further removed from the original apex (C) — and so on 
until the opposite marginal line (Plates XV. & XVI. diagrams 1 & 3, U VW) is reached, 
which confines itself entirely to the base, or upper portion of the cone (Plate XII. 
compare with fibres marked d! e, fig. 4), and makes only one turn of a spiral. This 
disposition of the lines reveals what to me is a very interesting fact, viz. that certain 
lines, like certain layers, are confined to certain localities or regions. (The first layer 
of the left ventricle, as was pointed out, extends from the extreme base to the extreme 
ap^ (Plate XII. fig. 1), while the fourth layer does not quite extend to either (Plate 
XII. fig. 4). It further shows, what is scarcely less important, that, of the lines origin- 
ally of the same length, some, from the fact of their winding very partially round Ihe 
base or wider portion of the [cone (Plate XVI. diagram 3, A) while they twist rapidly 
round the apex or narrow part (B C), make one turn and a half of a spiral, whereas 
others, which are confined to and wind round the base or wider portion of the cone, 
make only one turn of a spiral (Plate XVI. diagram 3, U VW) — an arrangement which, 
as I endeavoured to point out (see p. 466), prevails also in the left ventricle. When the 
interior of the cone, fashioned as recommended, is examined, the marginal lines are 
observed to twist out of the apex (Plate XVI. diagram 9, Y) and assume a more or less 
vertical direction (Plate XVI. diagram 6, E E', and diagram 8, Y), in a manner which 
wonderfully accords with the direction of the fibres composing one or other of the mus- 
culi papillares (Plate XVI. compare Y of diagram 9 with y of figs. 12 & 13, Plate XII.). 

Having constructed one half of the typical ventricle, it is necessary, to complete tiie 
other, to lay a second sheet upon the original one, at a slight angle, as represented 
in diagram 2, Plate XV.*, after which the idieets are rolled up (the one within the 

* In the diagram adverted to, it will be observed I have represented on the oomers of the sheets two imagi- 
naiy papillary muscles (X, T), for the purpose of showing the positions they occupy in the interior of the oone 
when the sheets are rolled up. 
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other), as was recommended when manipulating the single sheet. The additional sheet, 
which is thus made to pass through the same changes as the first, in nowise complicates 
tile £rangement, and has the effect of doubling the layers, while it does not increase 
the number of spiral turns made by the lines composing them*. The object of having 
two sheets set at an angle is to ensure that the lines will enter the apex, and issue from 
the base, in two places, so as to render the cone bilaterally symmetrical, as it exists in 
the undissected left ventricle ; forit is found that, if only one sheet is employed, the 
apex of the cone, from its being composed of spiral lines, is lopsided, or like the barrel 
of a pen cut slantingly (Plate XVI. diagram 6, D). This difficulty is at once obviated 
by the employment of the second sheet; for the one sheet being made by the angle of 
difference to wind from behind forwards (Plate XVI. diagram 10, C D), and the lines, 
to enter the apex anteriorly (E), while the other winds from before backwards (A B), the 
lines entering the apex posteriorly (F), the apex, as every other portion of the cone, 
is rendered bilaterally symmetrical (Plate XVI. compare ahe with cdf of fig. 66; 
Plate XII. compare also fg and edoi figs. 9, 10, and xy of figs. 12, 13, & 14). When 
sheets adjusted as represented in Plate XV. diagram 2 are rolled up into a cone, as 
may be closely and conveniently imitated by placing the cone marked 6, Plate XVI., 
inside of that marked 4f , it will be found that a cone bilaterally symmetrical (Plate XVI. 
diagrams 7, 10, 11, 12 & 14), having a symmetrical apex (diagrams 7, 10, & 12, E F, 
diagram 11, XY, and diagram 14, DK) with walls consisting of seven layers, each 
having a different direction (Plate XVI. diagram 4, A, B, D, E, and diagram 6, B C D), 
is at once produced. Of these layers three are external, three internal, and one central, 
precisely as in the left ventricle itself (Plate XII. compare ivith figs, from 1 to 8 
inclusive). 

If the foregoing arrangement were reduced to a principle and applied to the fibres of 
the left ventricle of the bird and mammal, it would be stated in something like the fol- 
lowing terms. 

By a simple process of involution and evolution^ the external fibres become internal 
at the apex, and the internal ones external at the base ; so that whether they be traced 
from without inwards, or from within outwards, they always return to points not wide 
of those from which they started. The fourfold set of fibres, viz. the two external sets 
and the two internal, being spirally arranged round a cone, and running in two diame- 
trically opposite directions, it follows that, in order to involute and evolute, certain preli- 
minary changes are necessary. Thus the two sets of external fibres, which wind from 
the base of the cone to the apex in a direction from left to right downwards, make 

An oth e r effisot produced by the two sheets being set at an an gla Rtid rolled within each other, which finds 
a oounteipart in the ventricle itself, is the following. The lines composing the several anterior layers are rela- 
tively more vertical t h an those composing the posterior ones. 

t Strictly speaking the sheet composing the one cone should be rolled within that composing the other, so 
that, when the unwinding of the cones takes place, alternate coils or layers from either cone are removed in 
0<mstant succession. 

3 T 2 
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smaller and smaller curves as they approach the apex; where they iwoolute or turn in ; 
whereas the two sets of internal ones, which]wind from the apex of the cone to the^base 
in a direction from right to left upwards, make larger and larger curves as they approach 
the base, where they evolute or turn out. The external and internal fibres have therefore 
different directions in different parts of their respective courses ; and as the spirals formed 
by the external and internal sets cross and overlap at every half turn of their progress, 
we are in this way furnished not only with fibres having different degrees of obliquity, 
but also with different layers or strata of fibres. 

Since the artificial ventricle, constructed as described, presents all the peculiarities of 
the typical or left ventricle, it is obvious that if, beginning a little above its apex, a por- 
tion of the anterior wall is pushed in (Plate XVI. diagram 16, A ; Plate XV. compare 
with m of fig. 60, and with ol,,pnoi fig. 46) until it touches the posterior one (Plate 
XVI. diagram 16, B ; Plate XV. compare with g of fig. 60), and allowance made for the 
passing through and blending of the lines posteriorly (Plate XVI. diagram 16, G) and 
septally (Plate XVI. diagrams 16, H K ; also diagrams 17 & 18, H E), as recommended 
at page 464, and indicated by the division of the primary tube in the embryo, two ven- 
tricles (C & D) would be produced, resembling the true ventricles (compare with hi oi 
figs. 49, 60, & 61, and op of fig. 46, Plate XV. more particularly; also with o of fig. 23, 
Plate XIII.) as closely as the artificial single ventricle resembles the left or typical 
ventricle. This is so evident that further explanation is unnecessary. 

With these remarks I finish the description of an avowedly difiicult structure ; and, in 
taking leave of the subject, I trust I may not be charged with forcing analogies and 
instituting resemblances where none exist. Having no theory to serve, my sole aim 
throughout the investigation has been the elucidation of truth ; but where that is so 
cunningly, and, it may be added, so successfully concealed, it has often been exceedingly 
difficult to arrange the materials with which my numerous dissections supplied me, so 
as to preserve a sequence in the description while I at the same time contrasted the 
direction of the fibres composing the several layers with each other. The method 
employed in demonstrating the ventricles in the present instance, viz. by consecutive 
layers, while it is by far the most natural yet proposed, is, I believe, the best calculated 
to afford intelligible results ; for as layers or strata of fibres unquestionably exist, and 
these intersect each other at various angles, and are found at different depths from the 
surface, it follows that all attempts to display in any individual heart, what can only be 
shown in a series of hearts, must prove abortive. The great advantage of conducting 
the dissection from without inwards by the removal of consecutive layers consists in its 
preserving the relation of the several layers to each other, and in showing how the fibres 
of each are continuous at the base and at the apex. This is well seen in the first seven 
figures of Plate XII., where the layers of the left ventricle are exposed posteriorly ; for 
by placing fig. 7 within 6, figs. 7 & 6 within 5, and so on until all the figures are placed 
within fig. 1, not only are the relations of the several layers to each oftier maintained, 
but the ventricle is as it were rendered transparent, so that one may trace in imagina- 
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tion, or by the aid of diagrams 4 & 6, the fibres of figs. 8 & 7 crossing those of fig. 1, 
the fibres of fig. 6 crossing those of fig. 2, and those of fig. 6 crossing those of fig. 3. 
The minutely reticulated structure to which this disposition of the fibres gives rise, 
although very simple when the layers are regarded separately or apart from each other) 
becomes very perplexing when they are placed in apposition or as they occur in the 
undissected ventricle ; and to the partial dissection of the layers perhaps more than to 
any other cause, is to be attributed that numerous class of complicated diagrams 
which represent the fibres of the ventricles as running in all directions without either 
law or order. In those diagrams that beautiful gradation in direction by which the 
fibres diverge from an imaginary vertical, and gradually return to it after having inter- 
sected each other in all directions, finds no place. In conclusion, the scheme of the 
course and direction of the fibres as summed up, while it greatly facilitates the com- 
prehension of the general principle involved in the ultimate structure of the ventricles, 
harmonizes in the most perfect manner with all that is at present known of the heart’s 
movements — those movements apparently so simple, and yet so difficult of analysis. 


Explanation op the Plates. 

In the engravings the same letters have been employed, as far as possible, to designate 
corresponding portions of the ventricles. The description of the figures in Plate XIII. 
from 22 to 29 inclusive does not follow in strictly numerical order. Thus the description 
of fig. 24 follows the description of fig. 22, and precedes that of figs. 26, 27, & 28 ; while 
the description of fig. 2$ follows that of fig. 28, and precedes that of fig. 26. The object 
of this arrangement is to ensure that the description may be read as a connected narra- 
tive. In the figures of the right ventricle some of the layers have not been represented, 
from a desire to curtail the number of figures. This, however, can occasion no diffi- 
culty, as portions of the unrepresented layers may be seen in other figures. A portion 
of the second external layer of the right ventricle (one of the omitted layers) is seen at 
f of fig. 22, while the greater portions of the two other unrepresented layers, viz. layers 
four and seven, are seen at Plate XIII. fig. 23, p, q, and Plate XIY. fig. 43, o, h, 

PLATE XII. 

Fig. 1. Left ventricle of the sheep’s heart, seen posteriorly. Shows the superficial or 
first external layer. See pages 454, 465, & 456. 

Fig. 2. Left ventride ?if the sheep’s heart, seen posteriorly. Shows the second layer. 
See pages 466 & 467. 

Fig. 3. Left ventride of the sheep’s heart, seen posteriorly. Shows the third layer. 
See page 468. 
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Fig. 4. Left ventricle of the sheep’s heart, seen posteriorly. Shows the fourth or trans* 
verse layer, which occupies a central position in the ventricular wall, and 
divides the external from the internal layers. The fibres of this layer are in 
the act of doubling or turning upon themselves. See pages 458 & 469. 

Fig. 5. Left ventricle of the sheep’s heart, seen posteriorly. Shows the fifth layer. See 
page 459. 

Fig. 6. Left ventricle of the sheep’s heart, seen posteriorly. Shows the sixth layer. See 
pages 459 & 460. • 

Figs. 7 & 8. Left ventricle of the sheep’s heart, seen posteriorly. Show the seventh or 
last internal layer, the fibres composing which extend from the extreme base 
to the extreme apex. Sec pages 460, 461, & 462. 

Fig. 9. Left ventricle of the sheep’s heart, as seen posteriorly &om above. Shows the 
course pursued by the two sets of fibres constituting the superficial or first 
external layer. See pages 454, 465, & 466. 

fg. Posterior set of fibres of first layer, winding in a spiral direction firom 
base to apex to enter the apex anteriorly. 
e d. Anterior set of fibres of the first layer, winding in a spiral direction from 
base to apex to enter the apex posteriorly. As the convexity of the 
posterior set of fibres fits accurately into the concavity of the anterior 
set, they are linked or twisted into each other so as completely to close 
the apex and render it bilaterally symmetrical. The internal continua- 
tions of the major portions of the two sets of fibres forming the first layer 
are seen at a: and g of figs. 12, 13, 14, & 15, where they appear as the 
anterior and posterior musculi papillares. ^ 

Fig. 10. Bird’s-eye view of the apex of the left ventricle of the sheep’s heart. Shows 
the two sets of fibres constituting the superficial or first external layer, sepa- 
rated firom each other, and entering the left apex to become internal without 
breach of continuity. See pages 464, 465, & 456. 

e d. The anterior set of fibres, curving or twisting into or round the posterior 
set. 

fg. The posterior set of fibres, curving or twisting into or round the anterior 
set. 

Fig. 11. Bird’s-eye view of the apex of the left ventricle of the sheep’s heart. Shows the 
appearance presented by the left apex when the two sets of fibres composing 
the first layer have been removed. See pages 456 & 457. 
f g. Undissected portion of the anterior set of fibres of the first layer. 

1. Anterior set of fibres of the second layer, preparing to enter the left apex 
posteriorly. * 

k. Posterior set of fibres of the second layer, preparing to enter the apex ante- 
riorly. • 

Fig. 12. Transverse section of the left ventricle of the sheep’s heart, half an inch above 
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the apex. Shows the anterior and posterior sets of fibres forming the seventh 
or last internal layer, twisting out of the interior of the left apex, in an oppo- 
site direction to that by which the anterior and posterior sets of fibres forming 
the first layer (with which they are continuous) entered. See pages 460, 461, 
& 462. 

y. Anterior musculus papillaris, cut across. 

X. Posterior musculus papillaris, cut across. 

m. Right apex. Shows comparative absence of spiral twist in the fibres com- 
posing it. 

Fig. 13. Left ventricle of the heart of a deer, opened anteriorly. Shows the anterior 
and posterior musculi papillares in situ. See pages 460, 461, & 462. 
y. The anterior musculus papillaris, winding in a spiral nearly vertical direc- 
tion j&om the apex to within a short distance of the base, where it ter- 
minates in a more or less flattened uneven head, the irregular surface 
being occasioned by muscular prominences which give off chordae tendineae 
to be inserted into the segments of the bicuspid valve. 

X. The posterior musculus papillaris, twisting from behind the anterior one, 
and winding in a spiral nearly vertical direction from the apex to within 
a short distance of the base, where it terminates like the anterior, in a 
flattened uneven head. 

s. Vertical section of the left ventricle, showing how the ventricular wall 
tapers towards the apex and the base. 

r. Fibrous stay connecting the posterior musculus papillaris with the septal 
side of the left ventricular cavity. 

Fig. 14. Left ventricle of the heifer’s heart, opened laterally. Shows the musculi papil- 
lares and the bicuspid valve as usually displayed, the spiral twist peculiar to 
the musculi papillares being inadvertently destroyed. See pages 460 & 461. 
V. Anterior or outer segment of the bicuspid valve, with the chord® ten- 
dine® (t) which proceed from each musculus papillaris terminating in it 
s sf. Vertical section of ventricular wall, tapering towards the apex and the 
base. 

w. Termination of the spiral groove which forms one of the two hollows found 
between the spiral musculi papillares. This groove, or rather the cast 
taken from it, is seen throughout its entire extent at « w 3 of fig. 17. 
r. Fibrous stays connecting the anterior and posterior musculi papillares with 
the septal side of the ventricular cavity. 

*. Reticulated arrangement of the fibres lining the interior of the ventricle 
and forining the came® column®. 

Fig. 16. Left ventricle of a human heart, opened laterally. Shows a tendency on the part 
of the fascicular bundles forming the musculi papillajres to remain separate, 
also the highly developed nature of the came® column®. See page 461. 
a. Aorta. 



492- 


DB. PETIIGBEW OS THE AEEAJ^aEMENT OF THE FIBEES 


V. Posterior and inner segment of the bicuspid valve, attached by its chordse 
tendineee to the musculi papillares. 

y y. The anterior musculus papillaris, consisting in this instance of two 
portions, from the fibres composing it never having fuUy united. 
w. Posterior musculus papillaris, likewise terminating in muscular processes. 
z. Camem columnsD, forming a rich network which lines the interior of the 
ventricle. 

d s'. Vertical section of the ventricular wall, showing how it tapers towards 
the base and the apex. 

Fig. 16. Wax cast of the interior of the right ventricle of a deer’s heart, seen anteriorly. 
Shows the spiral nature of the cavity. See page 482. 

l. Right auriculo-ventricular opening. 

k. Conical-shaped spiral infundibulum or conus arteriosus, with the spiral 
grooves occasioned by the projection of the camese columnee into it. 
These grooves facilitate the passage of the blood towards the pulmonary 
artery during the systole. 

h. Depression caused by the head of the right anterior musculus papillaris. 

m. Right apex, the peculiarity of which consists in its being more blunted, 

and less distinctly spiral, than that of the left apex. 

Fig^. 17. Wax cast of the interior of the left ventricle of a deer’s heart. Shows the 
peculiar spiral twist of the left ventricular cavity, and how, like the wall, it 
tapers towards the base and the apex. See pages 462 & 482. 
b. Left auriculo-ventricular opening, 
ar. Spiral track of the posterior musculus papillaris. 

y. Spiral track of the anterior musculus papillaris. 

z w b. Projecting spiral ridge, corresponding to one of the spiral grooves or 
hollows found between the spiral musculi papillares. 

z. Left apex, twisting rapidly upon itself and terminating in a point. The 

left ventricular cavity is widest at the upper part of itsj^middle third (w), 
and the amount of spiral made by it rather exceeds a turn and a half. 
Note. — Figs. 16 & 17 give the exact shape of the ventricular cavities, and 
consequently the precise form assumed by the blood, prior to the systole. 

PLATE Xm. 

Fig. 18. Right and left ventricles of the sheep’s heart, seen posteriorly. Shows the 
superficial or first external layer of both ventricles. See pages 467 & 468. 

Fig. 19. Right and left ventricles of the sheep’s heart, seen posteriorly, the right ventri- 
cular wall being divided and separated to expose the septum. Shows how 
the direction of the fibres of the first layer of the septum corresponds with 
the direction of the fibres of the first layer of the right and left ventricles. 
See pages 468 & 469. 
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Fig. 20. Right and left ventricles of the sheep’s heart, seen anteriorly. Shows the direc- 
tion of the fibres of the superficial or first external layer of both ventricles, 
the track for the anterior coronary artery, &c. See page 468. 

Fig. 21. Right and left ventricles of the sheep’s heart, seen posteriorly. Shows the direc- 
tion of the fibres of the second layer of the right and left ventricles. See 
pages 475 & 476. 

Fig. 22. Right and left ventricles of the sheep’s heart with the septum exposed, seen 
posteriorly. Shows how the fibres of the second layer of the septum corre- 
spond in direction with those of the second layer of the right and left ventricles 
generally. See page 476. 

Fig. 24. Right and left ventricles of the sheep’s heart, seen posteriorly. Shows the 
direction of the fibres of the third layer of the right and left ventricles. See 
pages 476 & 477. 

Fig. 25. Right and left ventricles of the sheep’s heart with the septum exposed, seen 
posteriorly. Shows how the direction of the fibres of the third layer of the 
septum corresponds with the direction of the fibres of the third layer of the 
right and left ventricles generally. See pages 476 & 477. 

Fig. 27. Right and left ventricles of the sheep’s heart, seen posteriorly. Shows the 
fourth or central layer of the left ventricle, and the fifth layer of the right 
one. The fourth layer of the right ventricle is seen at jp g' of fig. 23. See 
pages 477, 478, Sc 479. 

Fig. 28. Right and left ventricles of the sheep’s heart with the septum exposed, seen 
posteriorly. Shows that the direction of the fibres on the septum corresponds 
with that of the deeper fibres of the fourth or central layer of the left 
ventricle. See pages 477 & 478. 

Fig. 23. Right and left ventricles of the sheep’s heart, seen anteriorly. Shows the 
direction of the fibres of the fourth or central layer of the right ventricle (p q% 
as compared with the direction of the fibres of the undissected left ventricle 
(dd").* They run at nearly right angles. See pages 477 & 478. 

Fig. 26. Right and left ventricles of the sheep’s heart, seen anteriorly. Shows the 
direction of the fibres of the fifth layer of the right ventricle (j? 2') compared 
with the direction of the fibres of the third layer of the left one (d d'). See 
pages 478 & 479. 

Fig. 29. Right and left ventricles of the sheep’s heart, seen anteriorly. Shows the 
direction of the fibres of the sixth layer of the right ventricle (pq) com- 
pared with the direction of the fibres of the fourth layer of the left one (d d'). 
See page 479. 

PLATE XIV. 

Fig. 30. Right ventricle of the sheep’s heart. Shows the bone of the heart (c) in situ^ 

- direction of the fibres of the first layer, &c. See pages 467, 468, 474, & 476. 

HDCOCLZIV. 3 xj 
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Fig. 31. Kight ventricle of the sheep’s heart. Shows the bone of the heart in situ, the 
direction of the fibres of the third external layer, &c. See page 476. 

Note . — ^The fourth or central layer of the right ventricle is seen at^g^ of 
fig. 23, Plate XIII. 

Fig. 32. Right ventricle of the sheep’s heart. Shows the direction of the fibres of the 
fifth layer of the right ventricle, fleshy pons, &c. See pages 478 & 479. 

Fig. 33. Right ventricle of the sheep’s heart. Shows the direction of the fibres of the 
sixth layer of the right ventricle. See page 479. 

Fig. 34 Right ventricle of the sheep’s heart, seen anteriorly and from the left side. 

Shows the first layer of the septum dissected from within, or from the left 
side, and how the fibres of the first external layer of the right ventricle bend 
or double upon themselves to bea)me continuous with fibres having a similar 
direction on the septum. See page 468. 

Note . — The second layer of the right ventricle is omitted. (See f* d' of 
fig. 22, Plate XIII.) 

Fig. 35. Right ventricle of the sheep’s heart, seen anteriorly and from the left side. 

Shows the fibres of the third layer of the septum dissected from within or 
from the left side, and how the fibres of the third layer of the right ven- 
tricle bend or double upon themselves, anteriorly and posteriorly, to become 
continuous with those on the septum having a similar direction. See 
page 476. 

Note . — The fourth or central layer of the right ventricle is omitted. (See 
i>goffig. 23, Plate XIII.) 

Fig. 36. Right ventricle of the sheep’s heart, seen anteriorly and from the left side. 

, Shows the fibres of the septum dissected from within or from the left side, as 
in the two preceding figures, also how the fibres of the fifth layer of the right 
ventricle are continuous on the septum, anteriorly and posteriorly. See pages 
478 & 479. 

Fig. 37. Right ventricle of the sheep’s heart, seen anteriorly and frCm the left side. 

Shows the fibres of the septum dissected from within or from the left side, as 
in the three preceding figures, also how the fibres of the sixth layer are con- 
tinuous on the septum, anteriorly and posteriorly. See page 479. 

Note . — ^The seventh or last internal layer is omitted. 

Fig- 38. Bird’s-eye view of the base of the ventricles of the swan’s heart. Shows the 
right and left auriculo-ventricular openings, with the muscular and bicuspid 
valves in situ. See pages 470, 471, & 472. 

Fig. 39. The ventricles of the heart of the swan, seen from the right side. Shows the 
right side of the septum and the posterior portion of the muscular valve in 
position (g), also how the fibres from the upper third of the septum and left 
ventricle posteriorly enter into the formation of the inner half of the muscu- 
lar fold. See pages 470, 471, & 472. 
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Kg. 40. Bight and left ventricles of the turkey’s heart, opened anteriorly. Shows the 
somewhat triangular shape of the muscular valve (i) of the right ventricle of 
the bird, with its spindle-shaped muscular band (A), as contrasted with the 
anterior and inner segment of the bicuspid valve (v) of the left ventricle, 
with its chordae tendineae and musculus papillaris (y). The spindle-shaped 
muscular band is to the muscular valve of the right ventricle of the bird 
what the anterior musculus papillaris and its chorda? tendineae are to the ante- 
rior segment of the bicuspid valve of the left ventricle. See pages 470, 471, 
& 472. 

Fig. 41. Transverse section of the ventricles of the heart of the emu, half an inch from 
the base, seen from below. Shows the shape of the right and left ventricular 
cavities, and the appearance presented by the muscular valve {gi) when viewed 
from beneath. See pages 470, 471, & 472. 

Kg. 42. The heart of the dugong, seen anteriorly. Shows the peculiar plaited arrange- 
ment of the fibres of the ventricles, and the bifid or double apex. See page 448. 
a. Aorta. 

k. Pulmonary artery opened into, so as to expose the sigmoid or semilunar 
valves. 

c. Left auricle opened into. 
d d'. Plicated arrangement of the external fibres. 
z. Plicated arrangement of the internal fibres. 
i. Segment of the tricuspid valve. 

Anterior musculus papillaris of the right ventricle. 
y. Portion of the left ventricular wall and posterior musculus papillaris with 
chordae tendineae. 

m. Bight apex. 

n. Left apex. 

Fig. 43. Bight and left ventricles of the heifer’s heart, seen posteriorly, the right 
ventricle being opened into, to show the arrangement of the carneae columna?, 
musculi papillares, &c. See pages 469 & 470. 

Kg. 44. Bight and left ventricles of the human heart, seen posteriorly, the riglit ventri- 
cular wall being opened into, to show the distribution of the cainea? columnas 
and musculi papillares. Shows the comparatively reticulated structure of 
the cameae columnac and the bifid nature of the musculi papillares, &c. See 
page 470. 

PLATE XV. 

Kg. 46. Bight and left ventricles of the sheep’s heart split up or separated from each 
other anteriorly. Shows how the fibres of the right and left ventricles are con- 
tinuous with fibres having a similar direction on the septum. See page 466. 
k. External fibres of the right ventricle becoming continuous, in the track for 

3u2 
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the anterior coronary artery {o o), with fibres having a similar direction 
on the septum (1) by simply bending upon themselves. 
n. Fibres of the septum passing firom above downwards to become continuous 
in the track for the anterior coronary artery (pp) with the external 
fibres of the left ventricle (m), these fibres winding in a spiral direction 
from above downwards to enter the left apex, not by simply bending 
upon themselves, but by twisting rapidly round in a whorl. 

Fig. 46. Base of the ventricles of the heifer’s heart, as seen from above, posteriorly. 

Shows the relative position and shape of the auriculo-ventricular openings 
and the orifices of the large blood-vessels. It also shows how the external 
fibres curve out of the former all round. See pages 454, 470, 472, 473, 
& 483. 

Fig. 47. Right and left ventricles of the heifer’s heart laid open, seen posteriorly. 

Shows the position and shape of the musculi papillares and caruese columnm. 
See pages 460, 461, 469, & 470. 

Fig. 48. Left ventricle of the heart of the American elk, inverted. Shows the complete 
absence of carneae column®, and the undeveloped condition of the . musculi 
papillares. See page 461. 

Fig. 49. Transverse section of the right and left ventricles of the deer’s heart, half an 
inch from the base. Shows the shape of portions of the right and left ventri- 
cular cavities, and how the right ventricular cavity curves round, or is applied 
to the left. See pages 480 & 481. 

Fig. 60. Transverse section of the right and left ventricles of the deer’s heart, rather 
less than an inch and a half from the base. Shows the same as last sec- 
tion, and in addition how the fibres of the right ventricle dip in at the ante- 
rior coronary groove (m) to become continuous with fibres having a similar 
direction on the septum (^). See page 481. 

Fig. 61. Transverse sections of the right and left ventricles of the deer’s heart, two 
and a half inches from the base. Shows the same as the two preceding 
sections. See pages 481 & 482. 

Fig. 62. Transverse section of the left ventricle of the deer’s heart, three and a half 
inches fiom the base, and fully half an inch from the apex. See page 482. 

Fig. 63. Transverse section of the left ventricle of the deer’s heart, a quarter of an 
inch from the apex. See page 482. 

Fig. 64. Left ventricle of the sheep’s heart, seen posteriorly. Shows how the fibres 
composing the inner half of the central layer of the left ventricle {/') pass 
through the septum (g). See page 478. 

Diagram 1, Plate XV. Sheet of net with threads of wool drawn through it at intervals 
to represent the fibres, laid out lengthwise or across the body. Shows how by 
folding in a portion of the sheet (B 0) and rolling it obliquely upon itself in 
the direction of the arrow marked £, until three and a half toms have been 
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made, a cone is produced whose anterior wall consists of four layers (the poste- 
rior wall consists of three), the lines composing these layers having different 
directions, as represented at Plate XVI. diagrams 4 & 6, and at Plate XII. 
figures from 1 to 8 inclusive. See pages 484, 486, & 486. 

Diagram 2, Plate XV. Double sheet of net, the one sheet (F G Y) being laid upon the 
other (A B X) at a slight angle. Shows how when the two sheets thus arranged 
are rolled up together the cone produced is bilaterally symmetrical, as might 
be imitated (Plate XVI.) by placing the cone marked diagram 5 within that 
marked diagram 4. It also shows how the lines composing the sheets enter 
the apex in a whorl in two distinct sets (Plate XVI. diagrams 7, 10, & 12, E F), 
after which they wind from the apex towards the base, likewise in two sets 
(Plate XVI. diagram 11, X Y). See pages 486 & 487. 

G. Point which when the sheets are rolled into a cone corresponds to its 
apex, that portion of the uppermost sheet marked X assuming the 
position of the anterior musculus papillaris (Plate XVI. diagrams 8, 9, 
& 11, Y), that portion of the lower or undermost sheet marked X 
taking the place of the posterior musculus papillaris (Plate XVI. dia- 
gram 11, X). 

PLATE XVI. 

Diagram 3. Sheet of net with threads of wool drawn through it at wide intervals, rolled 
up in a cone as explained, the cone being placed upon its apex. Shows how 
lines originally of the same length make fewer turns of a spiral from winding 
round wider portions of the cone. It also shows how the apex of the cone 
may be enlarged by removing in succession the lines which make the greatest 
number of spiral turns, and which, curiously enough, overlap the lines which 
make the fewest number of turns. See pages 484, 486, A: 486. 

Note . — The lines in this diagram correspond with the lines in diagram 1, 
Plate XV., bearing similar letters. 

Diagrams 4 & 6. Anterior and posterior views of a cone produced by rolling a sheet of 
net upon itself, similar to that figured in Plate XV. diagram 1. In the 
cone marked 6, that portion of the sheet which forms the base (R R) has 
been folded upon itself in an outward direction, to cause the internal lines 
to reverse their direction and become parallel vdth the external ones, with 
which they unite. 

Note . — ^These diagrams show how by one portion of the sheet overlapping 
another several layers are produced, the lines composing these layers having 
different directions. They also show how the layers or overlappings are con- 
fined to different regions or localities, just as in the left ventricle, and satis- 
factorily account for the ventricular wall tapering towards the base and the 
apex respectively. See pages 484, 486, & 486. 
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A A') diagram 4. lines winding in a spiral nearly yerti<»,l direction from 
above downwards, and forming the first layer (Plate XII. fig. 1, com- 
pare with the fibres marked^*' and dd’). These lines are continuous 
at the base and the apex with the lines forming the seventh or corre- 
sponding internal layer E E' (Plate XII. fig. 8, compare with the fibres 
marked o and n). 

B B', diagram 6. Lines winding in a spiral oblique direction from above down- 
wards, and foiming the second layer (Plate XII. fig. 2, compare with the 
fibres marked /(i'). These lines are continuous at the apex and the 
base with the lines forming the sixth or corresponding internal layer D D' 
(Plate XII. fig. 6, compare with the fibres marked on). 

B B', diagram 4. Lines winding in a spiral very oblique direction from above 
downwards, and forming the third layer (Plate XII. fig. 3, compare with 
the fibres marked /d'). These lines are continuous at the apex and 
the base with the lines forming the fifth or corresponding internal layer 
D ly (Plate XII. fig. 5, compare with the fibres marked o n). 

C C' C", diagram 5. Lines winding in a circular or transverse direction and 
forming the fourth or central layer, which divides the three external 
from the three internal layers (Plate XII. fig. 4, compare with the fibres 
markvdfd'). It is in this layer that the three external layers terminate, 
and the three internal ones (diagram 6, D E E') begin. 

Diagram 6. A cone similar to that figured at diagram 4, with the external layers uncoiled. 

Shows the fourth, central or transverse layer, and the three internal layers. 
See pages 484, 485, & 486. 

Diagram 7. Symmetrical cone produced by the rolling of portions of two sheets within 
each other. Shows the double entrance of the lines at the apex, and how 
closely th« position and shape of the musculi papillares may be imitated. The 
interior of this cone is seen at diagram II, and should be compared (Plate 
XII.) with the interior of fig. 13. See pages 486 & 487. 

AB. Portion of posterior sheet, the lines composing which enter the apex 
anteriorly at E, to represent the posterior musculus papillaris X (Plate 
XII. fig, 14, compare with y). See pages 486 & 487. 

C D. Portion of anterior sheet, the lines composing which enter the apex 
posteriorly at F, to represent the anterior musculus papillaris Y (Plate 
XII. fig. 14, compare with x). See pages 486 & 487. 

Diagram 8. Symmetrical cone produced by the rolling of two sheets of net within each 
other, similar to those figured at Plate XV. diagram 2. Shows the position 
and track of the anterior papillaiy muscle (Y). See pages 486 & 487. 

Diagram 9. Interior of a single sheet of net rolled up as explained. Shows how the 
spiral almost vertical direction pursued by the anterior musculus papillaris 
(Y) may be imitated (Plate XII. fig. 13, compare with y). See page 484. 
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Diagram 10. Symmetrical cone produced by rolling two sheets of net within each other. 

Shows how the symmetry of the cone is maintained by the sheets winding 
from opposite points, the one, the anterior (A B), winding from before back- 
wards, or from right to left, to enter the apex posteriorly (F), the other, the 
posterior (C D), winding from behind forwards, or from left to right, to enter 
the apex anteriorly (E) (Plate XVI. fig. 65, compare with ef\ Plate XII. 
fig. 1 1, compare with k 1). See pages & 487. 

Diagram 11. Interior of symmetrical cone, as seen at diagram 7, formed by the rolling 
of two sheets of net within each other. Shows how the position and shape 
of the spiral nearly vertical anterior (Y) and posterior' (X) musculi papillares 
may be imitated (Plate XII. figs. 12 & 13, compare with yx). See pages 
486 & 487. 

Diagram 12. Two sheets of paper with parallel lines drawn upon them, rolled within 
each other, and then permitted to spring open (seen from above). Imitates 
the double entrance of the fibres at the left apex. Compare the direction of 
the lines on the sheet ABE with the direction (Plate XVI. fig. 65) of the 
fibres ah e, and also the direction of the lines in the sheet CDF with the 
direction of the fibres c df of the same figure. 

Diagram 13 represents the course pursued by a single fibre, how it winds from the 
base to the apex in one direction, and from the apex to the base in another, 
so as to return to the point from which it set out. It also shows how the 
fibre is continuous towards the apex and the base. See page 486. 

ABC. External portion of the fibre winding from above downward, or from 
the base to the apex. 

D. Point at which the fibre enters the apex and alters its direction. 

E F. Internal portion of the fibre winding from below upward, or from the 
apex to the base, to return to the point A, 

Diagram 14 represents the course pursued by two fibres, each of which is similar to 
that figured at diagram 13. In this diagram the external portion of one of 
the fibres (ABC) winds from behind forwards and enters the apex ante- 
riorly (D), the external portion of the other fibre (GHIJ) winding from 
before backwards and entering the apex posteriorly (K). The external por- 
tions of the fibres are therefore symmetrically disposed with reference to each 
other. Similar remarks apply to the internal continuations of these fibres 
(EG II, LAM), which are only partially seen. The external and internal 
portions of the fibres are continuous, and when seen from above appear to 
form complete circles. See pages 486 & 487. . 

Fig. 65. Sheep’s heart separated into its bilateral elements. See pages 467, 486, & 487. 
a h. Anterior fibres entering the left apex posteriorly (e). 
cd. Posterior fibres entering the left apex anteriorly (/)• 

Diagram 16 shows how by pushing in the anterior waU (A) of the typical or left 
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ventricle, in imitation of the constructive proeess in the embryo, a double 
septum unattached posteriorly (B) is produced, this septum dividing the 
ventricle into two, a right or rudimentary ventricle (D), and a left or more 
complete one (C). It also shows how the fibres may be continuous or common 
to both ventricles posteriorly (B), while anteriorly (A) they dip in at the 
track for the anterior coronary artery and are to a certain extent independent 
of each other (Plate XV. fig. 60, compare with g and m). See pages 464, 
465, 466, 467, & 488. 

Diagram 16 shows how the posterior fold (G) of the septal duplicature, by passing 
through the posterior wall (B) until the central layer in either is reached, 
completely isolates the right ventricle (D) from the left (C), and how, by 
the atrophy of the right ventricular wall (F) and its share of the septum (K), 
after birth, to half their original dimensions, the right ventricle (F) is reduced 
to half the thickness of the left (I) ; while the septum (H K) is three times 
as thick as the right, and a third thicker than the left. See pages 465, 466, 
467, & 488. 

Diagram 17 shows how, by the partial absorption of the posterior fold of the septal 
duplicature (K), and the passing through and blending of the right half of 
the reduplication (E) with the left (II), the ventricles are more intimately 
united, and the septum reduced until it is only a sixth gi-eater than the left 
ventricle, — an arrangement which very nearly corresponds to the measurement 
of the actual septum between the musculi papillares at the thickest part 
(Plate XV. fig. 50, compare d d! with cd). It also shows how the septum 
is composed of two elements, and how one portion of it (E E) belongs exclu- 
sively to the right ventricle, a second portion (H) to the left ; while a third 
portion (J J) belongs partly to the one ventricle, and partly to the other. See 
pages 465, 466, & 467. 

Diagram 18 shows how the right portion of the septum, as seen at EE of diagram 17, 
may become absorbed, so as to reduce the septum (H) to the thickness of 
the left ventricular wall (I) and half the thickness of the right (F) (Plate XV. 
figs. 49 & 61, compare c d with d d\ and c d, </ d\ with c" dH'), 
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XV. On the Brain of a Bmhwoman ; and on the Brains of two Idiots of European 
Descent. By John Marshall, F.B.8.i Surgeon to Univernty College Hospital. 

Received Jane 18, — ^Read June 18, 1883. 

The chief purpose of the present paper is to describe the convolutions of a Bushwoman’s 
brain, and also those of the two smallest human idiot brains yet on record, belonging 
respectively to a microcephalic woman and boy of English parentage. But other points 
of interest, such as the weight, size, general form, and internal structure of these brains 
and their several parts, are likewise noticed; and, in the case of the idiots, such 
information is prefixed as could be collected concerning their feeble mental and bodily 
powers. 

The attention which has recently been directed to the study of the cerebral anatomy 
of man, as compared with that of the quadrumanous animals, and the acknowledged 
scantiness of our information concerning the brain in the various races of mankind, 
induced me to request several medical friends residing in our colonies, to endeavour to 
procure certain specimens for me. 

From my former pupil, Mr. John Edward Dter, now practising in Cape Town, I 
received in April last, in part fulfilment of a promise made to me in the previous 
August, the entire head of a Bushwoman duly prepared according to my instructions. 
I most cordially acknowledge my obligations to him. 

As a guarantee of the authenticity of the specimen, the entire head was to be sent 
with the brain in it. For this purpose, the neck was divided below the larynx ; some 
strong spirit was injected into the carotid and vertebral arteries ; the skull was trephined 
over each parietal bone, and the dura mater carefully slit open, so as to allow the 
spirit to percolate into the cranial cavity. The head was then put into a tin case, which 
was filled with spirit, hermetically closed by soldering, and despatched to England 
without delay. On opening the case on its arrival, no decomposition was apparent in 
any part of the preserved head ; but the cerebellum was afterwards found to be some- 
what softer than the cerebrum, owing probably to an accidental want of success in 
injecting the vertebral arteries, so that less spirit had been directly conveyed to the 
posterior parts of the encephalon. 

Havii^ secured, for further identification, a plaster cast of the entire head, and four 
photographic views of it, half the size of nature, viz. a front, back, and two profile views, 
I proceeded, by means of a longitudinal and other sections of the skull, to remove a 
sufficient portion of the left half of the cranium and dura mater to expose the corre- 
sponding side of the brain, still covered by the cerebral arachnoid and pia mater and 
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shrunken within the cranium, but having undergone no observable flattening or dis- 
tortion. 

The membranes being dissected off, a photograph was taken of this side of the head, 
with the braiix and spinal cord in dtUy so as to put on record the Ixmdfide relationship 
between them. The brain being now removed with the medulla, and both cleared 
of their remaining membranes, nine photographs, the size of nature, were taken of it. 
These views included the base and vertex, the frontal and occipital aspects, both sides, 
a section showing the inner surface of the left half of the encephalon, the under surface 
of the left cerebral hemisphere, and, lastly, the left lateral ventricle and its contents. 
The right half of the encephalon was left undissected, to serve as a museum specimen, 
or for further investigation. The weight of this right half of the preserved brain being 
ascertained, the separated pieces of the left half, all of which had been preserved, were 
weighed in three portions, so as to give the respective weights of the left cerebral 
hemisphere, and of the left half of the pons, cerebellum and medulla oblongata. By 
adding all these weights together, the total weight of the preserved brain was found ; 
and by allowing proportionate values for the several parts of its undivided right half, a 
sufKciently near approximation was obtained to the respective weights, in the preserved 
condition, of the entire cerebrum, cerebellum, and pons with the medulla oblongata. 
In proof of the satisfactory character of these weighings, it may be stated that the righ| 
and left halves of the brain diflered in weight only 20 grains, the advantage being on 
the right side, in which, however, a part of the choroid plexus was necessarily included. 
The left half was probably, aa haa been observed in European brains by Dr. Boyd*, 
somewhat the heavier. 

To determine from the preceding data the probable weight of the recent brain and 
its parts, two modes were had recourse to—the first depending on the ascertained loss 
of weight in brains preserved in spirit, the second having reference to the cubical 
capacity of the cranium measured by means of water. It cannot be assumed that such 
calculations are quite correct ; but I have given the subject careful consideration, and 
have recorded the actual weights, taken from the preserved brain, with all other data 
which have been employed. 

A plaster cast of the interior of the cranium, taken after putting its several pieces 
together, before the membranes were removed from the right hal^ assisted in determining 
the general form, dimensions, and relative position of the parts of the recent encephalcn. 

The fissures, lobes, and convolutions were studied on the preserved brain, and are 
illustrated in the several photographic views. They are compared, in the paper, with 
the same parts in the European brain, with the brain of the so-called Hottentot Venus f, 
who, thj^re seems reason to believe, was of the Bosjes race^ and with the brains of the 
higher Apes. The commissures, ventricles, and ganglionic masses were also examined 
and measured on the preserved brain, and are nearly all shown in the photographs. 

* philosophical Transactions, 1861, vol. ch. p. 261. 

t GbshoiiBt, * 114m. sor les Plis C4r^raiiz de rHomme/ Pam. No date (16547). 
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Various m^asuremonts of the Bushwoman’s brain are tabulated at tha end of this 
paper, with similar measurements taken from an average female English brain, the 
intracranial cast corresponding with which is in my possession. Furthermore it has 
been thought that additional interest would be given to the subject by introducing into 
the same Table the comparative measurements of a young Chimpanzee’s brain, described 
by me elsewhere*, and also those of the two idiots’ brains hereinafter investigated. 

With regard to these idiots’ brains, the larger one, that of the woman, has been 
temporarily placed at my disposal, for special description of the convolutions, by my 
friend Mr. E. T. Goeb of Bath, who has given a general -account of this brain to the 
Anthropological Society of London f. I have also had access to a cast of the interior of 
the cranium taken by Mr. Gore, from whom I have likewise received additional infor- 
mation relating to the woman herself. 

The smaller of the two idiots’ brains, and indeed the smallest yet described, that of the 
idiot boy, has been lent to me from the Anatomical Museum of University College, Lon- 
don, by the recommendation of Professor Siiabpey. It had been presented to that Mu- 
seum by Professor* Jenner, who supplied to the Catalogue a very full and circumstantial 
account of the appearances observed at the post-mortem examinational. When living, 
this idiot was under the observation of Dr, Begley, of the Lunatic Asylum, Hanwell, 
Yrho has kindly given me information concerning the mental manifestations of the boy 
during life. It is to be regretted that, of the skull of this idiot, nothing but the calva- 
rium is preserved, so that I could only obtain a cast of the upper half of the interior 
of the skull. Unfortunately, though this includes the part which lodged the posterior 
lobes of the cerebrum, it scarcely extends to the posterior border of the cerebellum. 

So far as was practicable, the same method of examination was followed with the two 
idiots’ brains as with the Bushwoman’s brain. Nine photographs of the Bushwoman’s 
brain, nine of the idiot woman’s brain, and eight of the idiot boy’s were taken by Mr. Her- 
bert Watkins. Lithographs from these accompany and illustrate this paper. 


I. THE BRAIN OF THE BITSHWOMAN. 
a. General Account. The Face and Head. 

Mr. DtER states that the height of the Bushwoman was 6 feet, and her age doubtful ; 
btft she was certainly aged. It is fair to assume that she presented no remarkable 
departure in either direction from the ordinary intellectual and moral condition of her 
race. Her height being somewhat unusual (that of the Hottentot Venus was 4 feet 
9 inches §), the question arose whether she was a Hottentot, not a Bushwoman proper. 

* Nat. ReTicw, July 1861. ^ f Anthropological Keviow, vol. i. 1863. 

t I recently submitted those facts to the Anthropolo^cal Society of liondon, as will appear in the Anthropo- 
logical Review for August 1863. 

§ See WaimiT’s figures, one-fourth the height of nature, in G. Cttvier’s account of the Hottentot Venus, 
* Hist. Nat. des Mammifhres,’ &ci, pto 1. Sr. Hilaibb et P. Cvvibb. Paris, 1826. 

3x2 
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But a friend, long resident at the Cape, who also knows Mr. Bteb, tells me that no 
mistake between these two people is likely to be committed by a Colonist, their habits;, 
mode of life, and language being quite distinct ; and moreoyer, from a mere glance at the 
cast and photographic portraits, he unhesitatingly pronounced the head to be that of a 
genuine Bushwoman. 

The colour of the skin is brownish black, with pale freckles on both cheeks ; the hair, 
scattered in little tufts over the scalp, is mixed grey and black. There is no trace of 
moustaches or beard, and the hairs of the eyebrows and* the eyelashes are very scanty. 
The skin of the face is much wrinkled, partly from the effect of the spirit, but also from 
old age. The eyebrows are not heavy. The distance between the inner angles of the 
eyelids is great, being equal to the width of the eyelids themselves. The conjunctivse 
are slightly stained with pigment The root of the nose is broad and remarkably flat ; 
the nose itself is short, small, and also flattened, the nostrils being visible from the front. 
The cheeks are prominent and wide ; there is great breadth opposite the angles of the 
lower jaws. The chin is square and somewhat prominent. The lower part of the face 
is only slightly prognathous ; the mouth is large and projecting ; the'lips are thick, but 
rather straight in outline, the peculiar curves of the upper lip, as seen in the European, 
not being well pronounced. The ears are long, but tolerably flat to the head ; the right 
one is equal in length to the vertical distance between the eyebrows and the mouth ; 
the left one is shorter ; their cartilaginous forms are well developed ; the lobe is short 
and wide, and its posterior border glides without distinction into that of the rest of the 
ear ; the external auditory meatus is smaller than in the European, and somewhat com- 
pressed from before backwards. The incisor and canine teeth are small; the upper 
ones are inserted somewhat obliquely, the lower ones nearly vertically. All the molars 
are wanting in both jaws, as is also the upper left prcmolar. The existing teeth are 
much worn, so as to appear short, the canines being quite level with the incisors, a 
proof of advanced age. The tongue is small, and the frsenum scarcely distinguishable. 

Considered as a whole, the face is characterized by the width and flatness of the 
cheeks, the extreme flatness and small size of the nose, the full mouth, and] the mode- 
rate amount of prognathism. The general shape of the cranium, seen from above, is a 
long flattened ovoid — the greatest transverse diameter being placed a good way behind 
the ears, from which line the cranium is suddenly rounded backwards, but gradually 
narrowed off towards the forehead, the left half of which projects a little in advance of 
the right. The front, although narrow, is well elevated, so that the line of the vertex 
is evenly curved from before backwards — ^there being a total absence of the depressed 
forehead often observed in Negro heads. 

Subjoined are a few measurements of the head, by which it will be seen that it is by 


no means small, as regarded from without : — 

inches. 

Total height of the head and face 7*16 

Extreme length of the head and face 7*26 
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inohos. 


Extreme width at the parietal eminences 5*5 

Extreme depth of the cranium, D:om beneath the occiput 

to the vertex 5*6 

From one external auditory meatus to the other . . . 12*5 
From the root of the nose to the occipital protuberance 12 
Grcumference close above the ears ....... 21 


The proportions between the length and breadth of the cranium, which are as 100 to 
76, show that it is not nearly so dolichocephalic as the Negro skull. In its thickness, 
however, it resembles the latter. The thinnest part on the median section is over the 
vertex, and measures 3 of an inch ; passing backwards, the thickness of the parietal 
bone increases to *35 of an inch, whilst the occipital protuberance exceeds *5 of an inch ; 
passing forwards, the average thickness of the frontal bone is about *35 of an inch, 
increasing at the forehead itself to *6 of an inch. The diploe is scarcely distinguishable, 
owing to the closeness of the bony texture. There is no appearance of frontal sinuses. 
The foramen ma^um measures 1*4 inch in its antero-posterior diameter and 1*3 inch 
transversely; its anterior border corresponds with a line passing across *376 of an inch 
behind the internal auditory meatuses. All the sutures at the top of the skull are 
closed ; the line of the fronto-parietal is quite obliterated, that of the sagittal suture 
nearly so, whilst the lambdoidal suture can still be traced. The squamous part of the 
left temporal bone is also absolutely joined to the frontal and parietal. The petrosal 
and other ridges in the base of the cranium are prominently marked; the crista galli is 
large, and the sella turcica deep. The internal surface of the cranium is more strongly 
marked than.usual by the convolutions, especially in the orbital, frontal, temporal, and 
occipital regions, but much less distinctly so along the vertex. The auditory meatuses 
and optic foramina are small ; the cribriform lameUse are of moderate extent ; the other 
foramina are of average size. On the outer surface of the cranium the zygomatic arches, 
though of well-marked curvature, are slender; the mastoid processes are very small, 
and the styloid processes also slender. 

The right half of the cranium, as defined by the falx, which, together with the tento- 
rium, was left undisturbed, holds nearly exactly 17*6 oz. avoirdupois of water; so that 
the total capacity of the entire cranial cavity is about 35 oz. of water, which are equal 
to 60*64 cubic inches. Thus the actual capacity of the cranial cavity proved to be less 
than its external dimensions would have led one to anticipate. The capacity of the 
largest skull measured by Morton* was 114 cubic inches. The largest examined by 
Wagner*!* US cubic inches; the smallest, that of an adult female, 66*3 inches. As 
measured in ounces of water, the capacity of the male Hottentot’s skull has been given 
as high as 75 cubic inches; whilst that of the Negro’s ranges from 69*3 to 60*5 cubic 
inches, that of the Malay’s aknll from 62*2 to 67*1 cubic inches, and that of the Hindoo’s 

• Crania Americana. Philadelphia, 1839. 

t Tontadien cu eizier Morph, and Hiys. des mensdiliohen Gehims. Leipdg, 1860. 
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as low as 46*7 cubic inches ♦. Between all these examples, however, the stature’ having 
been neglected, comparisons, to say the least, must be inexact; and the height of the 
Bushwoman, a fair average one even for a European female, must not be forgotten in 
any estimate of the dimensions of her cranial cavity. 

In the Bushwoman’s head no evidence of arrested development exists, either in the 
character of the bones, or in the sutures, or in the features of the face, though a suppo- 
sition of that kind has been entertained, yet not generally assented to, in regard to the 
so-called Hottentot Venus. Certain infantile characters are undoubtedly present in the 
cranium of the Bushwoman — such as the slight elevation of the nasal bones, the absence 
of the frontal sinuses, the small size of the mastoid processes, the slenderness of the 
styloid processes, and the markings on the inner surface of the cranium; but these 
characters should probably be regarded rather as belonging to sex or race than as indi- 
cative of any arrest of development in the individual, especially as the general propor- 
tions between the face and the cranium, the dolichocephalic form of the latter, the 
prominent cheek-bones, the square jaw, and the well-marked chin would lead to the 
opposite inference of a perfected individual development. 

b. Weights of the Enc^halon and its parts. 

The entire encephalon of the Bushwoman, hardened in spirit and deprived of its mem- 
branes, weighed 21*77 oz. The loss of weight in specimens of brain preserved in a similar 
way I find to be from one-third to one-fourth, i. ^., as a mean, ■g’yths of their original 
weight, on which calculation the recent Bushwoman’s brain, deprived of its membranes, 
would weigh exactly 30*75 oz. With the membranes, the weight would be about 31*5 oz. 

The capacity of the skull, as already stated, was equal to 35 oz. avoirdupois of water, 
or 60*64 cubic inches. If the brain, in its natural state, filled the cranial cavity as com- 
pletely as water will afterwards, it would be easy, by taking the specific gravity of 
nervous substance as compared with water, to estimate the quantity of brain which once 
occupied any given skull ; but the fact that this is not the case, especially in regard to 
the base of the brain, and the difficulty of determining the weight of the membranes, 
the amount of blood which the vessels may contain, and the quantity of cerebro-spinal 
fluid which fills the ventricles and all otherwise unoccupied spaces, render it impossible 
thus to arrive at so definite an estimate as in the other way. 

Now the smallest healthy European female brain recorded by Wagner weighed about 
31*7 oz.f ; and the smallest observed by Dr. Keid, in the case of an aged woman, 32 oz.J 
These numbers^ however, are unsatisfactory, as neither the heights nor the weights of 
the individuals are on record. But Dr. Boyd’s valuable Tables § supply this omission, 
and thus enable us to appreciate the comparative size of the Bushwoman’s brain. 
Among 149 females between the ages of 60 and 70 years, the minimum weight of the 

♦ TtEDKMAinr and Huschicb, quoted by ScHAAFirAUBEN, Hvueb’s ‘ Arcliiv/ 1858. 

t Loe. cit. t London and Edinburgh Monthly Journal, &c., April 1843. 

§ Philosophical Trimsaefioils, vol. cli. p. 251. . 
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entire encephalon, aa found by Dr. Botd, was 32*5 oz.; but then the minimum stature 
in 148 women at the same period of life was only 4 feet 6 inches; whilst the average 
weight of the encephalon, in the same groups of individuals, was 42*96 oa., and the average 
height 5 feet 1 J inch. Deducting the odd 2*96 oz. for the 1 J inch over 6 feet, which is 
more than enough, the European female brain at that stature, and between 60 and 70 
years of age, would weigh 40 oz. ; or, again, by adding 7*6 oz. to the minimum weight 
foiathe difference between the minimum height and that of the Bushwoman, which 
would be about a proper allowance, we should again obtain a European average of 
40 oz. for the brain of a female measuring 5 feet at the above-named age ; whilst the 
weight of the Bushwoman’s brain, including the membranes, was probably, as shown, 
not more than 31*5 oz.« 

Considering, therefore, on the one hand, the stature of the Bushwoman, and allowing, 
on the other, for her advanced age (the former justifying the expectation of a large 
brain, the latter of some comparative waste in that organ), the safe general conclusion 
is that her entire encephalon was, for her height, decidedly small. 

In the absence of positive information, it is impossible to do more than speculate 
on the ratio between the weight of the entire brain and the body in the Bushwoman ; 
but, considering her height, 90 lbs. would not be an exaggerated estimate for the latter 
quantity in health. The ratio in that case would be 1 to 45 ; wher^s the mean pro- 
portions usually given for the European, dying hrom a sudden cause, are as 1 to 37. 

The weight of the preserved encephalon being, as already stated, 21*77 oz., the left 
half of the preserved cerebellum weighed 1*22 oz., and the left half of the pons and 
medulla oblongata *25 oz. Doubling these halves, we have 2*44 oz. for the total weight 
of the preserved cerebellum, and *5 for the total weight of the preserved pons and 
medulla oblongata. Their joint weights, 2*94 oz., being deducted from the weight of 
the preserved encephalon above mentioned, gives 18*83 oz. for the total weight of the 
cerebrum. On these data, the weight of the cerebrum to the cerebellum is as 7*7 to 1. 
In the adult female European, according to Dr. Beid, the average ratio is 8*25 to 1; but 
by Dr. Boyd’s Tables it is, between 60 and 70 years of age, also 7*7 to 1. 

The actual weights above given, being increased in the proportion of 17 to 24, to 
allow for the loss by maceration in spirit, we arrive at a total weight of 3*44 oz. for the 
recent cerebellum, and of *7 oz. for the recent pons and medulla oblongata; and lastly, 
by deducting their joint weight, viz. 4*14 oz. from 30*75 oz., the estimated weight of the 
entire fresh encephalon, we have 26*61 oz. as the weight of the recent cerebrum. 
Distributing the estimated weight of the membranes in relative quantities, we obtain 
27*25 for the recent cerebrum, 3*45 for the cerebellum, and *8 for the pons and medulla 
oblongata, enveloped in their respective shares of membranes, making, as above shown, 
31*5 oz. for the entire encephalon. The average weights of the same parts in 134 Euro- 
pean females, between the ages of 60 and 70, and measuring 5 feet IJ inch high, 
according to Dr. Boyd, are 37*13 oz. for the cerebrum, 4*68 for the cerebellum, and *83 
for the pons and meduHa^oblongata, making 42*64 oz. for the entire encephalon. 
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The ratio of the oerebrum to the body in the Bushwoman, assumed with a height of 
5 feet to weigh 90 lbs., would therefore be as 1 to 52, whilst that of the cerebellum to 
the body would be as 1 to 418 ; whereas, allowing 6 lbs. additional weight (96 lbs.) to 
the average European females of 5 feet 1 J inch high, the corresponding ratios would be 
1 to 41, and 1 to 328. 

Without elfl-iming for these numbers a perfect accuracy, and even subjecting them to 
certain small corrections, they support the statement that, in reference to the body,^he 
cerebrum and cerebellum are both ioferior in the Bushwoman as contrasted with the 
European aged female ; and it will be seen that both organs are about equally defective, 

e. in a proportion of about *78 to 1. 

Judging from the restored figure of fhe Hottentot Venus’s brain, the Bushwoman’s 
brain was in its recent state only a very little smaller than it (see Plate XX. and its 
explanation). 

c. The general Form^ Dimensions^ and relative Position of the Parts of the Encephalon. 

The Bushwoman’s brain, injected with spirit, and hardened within the cranium, had, 
as already stated, undergone very little change of form, although it had shrunk from 
the cranial walls, chiefly over the vertex, and slightly at either end. This subsidence of 
the brain was less marked before the veins passing from its upper surface into the 
longitudinal sinus were divided. Even when removed from the cranium and denuded 
of its membranes, the brain maintained its shape, and the relations of its several parts ; 
but in describing these reference is made to the intracranial cast, and the dimensions of 
the organ are also given from that source. 

When viewed from above, the Bushwoman’s cerebrum (Plate XVII. fig. 1), like her 
cranium, presents a long and narrow ovoid form. The line of greatest width corresponds 
with the parietal eminences, and is placed rather far back, viz. at two-thirds the total 
length of the cerebrum from its anterior border, so that one-third only is behind those 
eminences. From this prominent parietal region the cerebrum slopes or falls away in 
all directions — very suddenly backwards, and rather so forwards, as far as the entrance of 
the Sylvian fissure, where, like the foetal brain, it appears remarkably constricted, and 
then widens again a little (Plate XVII. fig. 2) at the outer angles of the frontal region, 
which is nevertheless decidedly narrow. The left hemisphere, as seen from above, is 
•2 of an inch longer than the right, the increase being almost entirely behind. This 
relative gpreater length of one hemisphere backwards (usually the left, so far as I have 
observed) is very common in European brains. 

Viewed laterally (Plate XVIIl. fig. 3), the parietal region is salient ; the vertex is 
low and flattened, its highest point being placed far back ; the frontal region is shallow, 
but ends in a nearly upright anterior border, whilst the beak-like projection of its median 
portion next to the longitudinal fissure is very marked, and its outer comer projects 
over the entrance to the Sylvian fissure. The temporal lobe is narrow, the line from 
its point to the tip of the posterior lobe being very long ; the curve formed by the under 
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border of the cerebrum, above the cerebellum, is slighter, and its direction more oblique 
upwards and backwards than in the European brain, owing apparently to a want of 
downward development of the occipital r^on, which is very shallow. 

Viewed in front, the narrowness and want of depth of the frontal region, accompanied, 
however, by the singular projection of its outer angles and the depth of its beak-like 
projections, again strike the eye. Besides this, the orbital borders are strongly curved, 
the orbital surfaces deeply excavated, and the median beak-like portions very narrow 
and wedge-shaped; the angle formed by the meeting of the two orbital surfaces is 
smaller than in the European ; and the tips of the temporal lobes are pointed and much 
incurved towards the middle line. Altogether this is an unfavourable, and indeed 
ape-like aspect of the Bushwoman’s brain, the promise given by the better elevation of 
the frontal region of the skull being disappointed in consequence of the thickness of its 
walls. 

Seen from behind, the comparative prominence of the parietal regions gives an 
angular outline to the cerebrum, in comparison with its usual fuller form. The 
deficiency of height at the vertex is very striking, as well as the upward inclination of 
the posterior border of the cerebrum, owing to the tapering of the posterior lobes. 

On the base view (Plate XVII. fig. 2) the general form is again that of a long narrow 
cerebrum, the details concerning each region being such as have been already pointed 
out in speaking of the lateral, front, and hind views. The orbital surfaces are espe- 
cially contracted, but have a square or human, and not a pointed or ape-like shape. 

The median section of the cerebrum (Plate XVIII. fig. 4) again shows its low, flat- 
tened, elongated form. The portions of hemisphere in front, above, and behind the 
corpus callosum measure respectively 1*3, 1*26, and 1‘9 inch; whereas in the European 
they measip:e 1*4, 1*6, and 2*2 inches. 

Imaginary lines diuwn from the centre of the medulla oblongata, where it intersects 
the pons, to the extreme occipital, frontal, parietal, and vertical points of the cerebrum, 
lines which I have elsewhere designated cerebral radii* ^ measure, in the Bushwoman, 
respectively 34, 40, 36, and 41 tenths of an inch ; whilst in a European female they 
measure 33, 43, 39, and 46 tenths. Accordingly the occipital radius, owing evidently 
to the length of the temporal lobe backwards, is slightly in excess, the frontal radius is 
a little defective, the parietal a little more so, whilst the vertical radius is the most so, 
as compared with the European brain. 

The final result of these measurements, as well as of others given in Table I. at the 
end of this paper, and of the facts elicited by the examination of the several aspects 
of the brain, is to show that in this Bushwoman the cerebrum is small but long, 
defective in ^width, and especially so in height ; that its outlines and surfaces are angular 
and flat, instead of rounded and full as in the European ; that, of its several regions, 
the frontal, though long, is very narrow and shallow^ much excavated below, and com- 
pressed laterally in a remarkable manner behind its angles, in front of the Sylvian 

* Nat. Hi«t. Berievr, 1861, p. 804. 
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fifisure; that the .parietal region is low^ though, relatively to the surrounding parts, 
prominent; that the occipital region is long, but narrow, and also- remarkably defective 
in height ; and, lastly, that the temporal regi<*i is long, though somewhat narrow. 

As to the relations between the posterior lobes of the cerebram and the cerebellum, 
the latter is entirely concealed by the former in the upper view of the brain (Plate 
XVII. fig. 1). In the base and lateral views (Plates XVII. & XVIII. fiigs. 2 & 3), the 
backward projection of the cerebrum beyond the cerebellum is equal to *5 of an inch on 
the ‘left side, and a little more than *3 on the right, where the cerebral hemisphere is 
shorter. The actual amount of overlapping is therefore as great as in the European ; 
but the relative overlap, as compared with the length of the cerebrum, of which it 
equals one-thirteenth part, is rather less, owing to the disproportionate length of the 
cerebrum in the Bush woman. On the base view, less of the posterior part of the cere- 
brum is seen on each side of the cerebellum than usual. The cerebellum itself, judging 
from the intracranial casts, is more prominent at the sides, and proportionally wider 
and longer than in the European ; but its outline is not so full and rounded, so that its 
actual bulk is smaller. It is, however, quite human and not ape-like in shape. 

d. The Fissures^ Lohes^ and Convolutions of the Cerehrum. 

The Fissures, — The fssure of Sylvius (Plate XVIII. fig. 3, e-e) in the Bushwoman’s 
brain extends well backwards, but inclines more upwards than in the European brain, 
and its course is marked, soon after its commencement, by a peculiar horizontal step. 
It measures 3 inches in length on both sides ; in the European brain it is 3*6 inches. 
On the left side, it sends off a branch near its summit, which nearly reaches the vertex. 
Its depth opposite the island of Reil is *76 of an inch, instead of 1 inch (the usual depth). 
Its margins are not very closely adapted together, especially opposite the hinder border 
of the frontal lobe, which is here very defective. The fissure, indeed, is so patent that, 
without any separation of its margins, a portion of the island of Reil, or central lobe 
(C), though small, is distinctly visible. This condition recalls to mind the foetal state of 
the human cerebrum*, but, so far as I am aware, is not present in any adult quadruma- 
nous brain. The defect in the frontal lobe explains the remarkable constricted form of 
the Bushwoman’s brain, already mentioned as existing at that point, a form which we 
may perhaps assume is a characteristic of the Bosjes brain, as it is equally present in 
the brain of the so-called Hottentot Venus, where it has also been noticed by Gbatiolbt 
as a foetal character*!'. Coupled with the infantile features noticeable in the Bush- 
woman’s skull, this peculiarity becomes very interesting. 

Thefisstere of Rolando (Plates XVII. & XVIII. figs. 1 & 3, <W) commences 1^26 inch 
behind the tip of the temporal lobe, instead of 1*375 as in the European, just above the 
horizontal step of the Sylvian fissure, &om which it is separated as usual. It terminates 

* ComparoTixsBVASir’s figures, Auatomie, &o. des Qehims, &o. Niimberg, 1816, taf. v . ; and Lbvbbt’s plates 
29 and 80, Anatomie Gompardedn Syftdme Nerveuz, &c. Paris, 1887: 

t Qp. eit. plates 1 and 2, and p. 66L 
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considerably beyond the middle of the long axis of the cerebrum, nearly as &r back a« 
the line of greatest width of that organ ; so that it passes proportionally further back than 
in the Hottentot Venus, or indeed^than in the European, as illustrated in the outlines 
of the three brains given in Plate XX. figs. 7, 8, & 9. The left fissure reaches a little 
fiirther back than the right. 

The external perpendicular fissures (Plates XVII. & XX. figs. 1 & 9, A, h) can be 
traced as easily as in the Hottentot Venus (Plate XX. fig. 8), but are soon interrupted 
by the external connecting convolutions (a, /3). Towards the sides, these fissures are cer- 
tainly more easily followed than in the European— a circumstance which imparts a 
lower character to this part of the Bosjes brain ; at the same time they are far more 
interrupted than in the Chimpanzee or Orang-outang (Plate XXlll. fig. 20). These 
short external perpendicular fissures join, as usual, the summits of the internal perpen- 
dicular fissures (Plate XVIII. fig. 4, A:), and, together with the fissures of Rolando, 
divide the upper surface of the cerebrum into three regions. Supposing the total 
length of the hemispheres, as seen vertically, to be represented by 100, the region in 
front of the point of the V formed by the two fissures of Rolando is equal to 66 ; 
thence to the perpendicular fissures equals 17*5 ; and thence to the tips of the poste- 
rior lobes, also 17*6. The proportions in the European are 67, 23, and 20 ; in the Chim- 
panzee, 49, 28, and 23. Measured longitudinally over the vertex, the relative spaces 
occupied by these regions are, in the Bushwoman, as 60, 16, and 26 ; in the Eui*opean, 
as 64, 23, ^d 23 ; in the Chimpanzee, as 46, 28, and 26. So that the fronto-parietal 
region in the Bushwoman appears lengthened backwards, with a proportionate want of 
development in the purely parietal and occipital regions. 

The remarkable irregular and very deep fissure (Plate XVIII. fig. 3, c-c) always seen 
on the outer side of the frontal lobe {anteroparietaU Huxley) is very strongly marked. 
It commences about one inch behind the entrance of the fissure of Sylvius, with which 
it is more nearly continuous than in the European brain, except in the foetal condition; 
passes more obliquely. backwaids than usual; and corresponds with the place of deficient 
width in this region already twice alluded to. 

HhR parallel fissure (/-y)on the side of the temporal lobe is more tortuous on the 
left side than in the Hottentot Venus, though less so than in ordinary European brains. 
The infers temporal fissure {g-g) is comparatively short and simple. 

On the internal surface of the hemisphere, the great fissure of the frontoparietal lobe 
(Plate XVIII. fig. 4, i-i), or caHoso-marginat fissure^ is twice interrupted by convolu- 
tional bridges, once (as usual) in front of the corpus callosum, and once (unusually) 
above the middle of that body. As in ordinary European brains, it reaches the surface 
of the hemisphere, well behind the hinder border of the corpus callosum. 

The iMernal perpendicular fissure (Plates XVIII. & XIX. figs. 4 & 6, k-k) is more 
vertical than in the EuropqfBn, but much less so than in the Chimpanzee— the angle 
foiled by this fissure and* a base-line drawn through the corpus callosum being in the 
European 123^, in the Bushwoman 116**, and in the Chimpanzee 93*. As in the Euro- 
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pean brain, however^ this fissure joins the fissure of the hippocampi below (Plate XIX. 
fig. 6), whilst in tie Quadrumana it usually stops short of that fissure, owing to the 
development of a swperjuM connecting convolution jn that situation. 

The fismre. of the hipjpocampi (Plates XVIII. & XIX. figs. 4 & 6, l-l, m) is nearly 
horizontal. Its outer or calcarine portion (l-l) ends in two shallow sulci, or notches, on 
the tip of the posterior lobe; it extends a little further forwards than is customary 
beneath the corpus callosum, but is separated, as usual, from the inner or dentate portion 
(m) of the fissure by a ridge of cerebral substance (*), which connects the convolution 
of the corpus callosum (is) with the uncinate convolution (m). The dentate fissure (m) 
is shallow. The inferior middle temporal, parallel or collateral fissure (Plate X1X> 
fig. 6, n-n) is very long and simple, and may be traced further upwards on to the 
hinder surface of the occipital lobe than usual. 

On the whole, the fissures of the left hemisphere are rather more complex than those 
of the right, which would seem to be not only smaller but inferior in organization. 
This want of symmetry is itself, however, a mark of comparative elevation. 

With a few exceptions, these primary fissures are somewhat more complex than those 
represented in Gratiolet’s figures of the brain of the Hottentot Venus ; but neverthe- 
less they are far more simple and more easily distinguished amongst the numerous 
secondary sulci than in the ordinary European brain. In this greater simplicity and 
definition of the fissures generally, in the slightly more vertical direction and step-like 
course of the Sylvian fissure, and in the decidedly more upright position of the internal 
perpendicular fissure, the Bushwoman’s brain approaches somewhat the quadrumanous 
characters; but it deviates more widely front them by the special interruption of the 
external perpendicular fissure, by the greater length and inclination backwards of the 
fissure of Bolan'DO, by the more marked want of symmetry on the two sides of the 
brain, and by the. greater number and complexity of the secondary sulci. 

The lobes . — Regarding the more important fissures as the true lines of subdivision 
between the cerebral lobes, we find that the frontal lobes (F), though contracted in 
width and depth, are proportionally long, that the parietal lobes (P), though high, are 
relatively contracted from before backwards, especially behindj that the occipital lobes 
(O) are very shallow from above downwards, and very pointed, that the temporal lobes 
(T) are long and narrow, and that the island of Reil, or central lobe (C), is small and 
partly visible at the entrance of the Sylvian fissure. 

The convolutions and secondary suld . — ^The orbital sulci and convolutions of the frontal 
lobe (Plate XVII. fig. 2) are certainly remarkably simple. The olfactory sulcus, which 
lodges the so-called olfactory nerve (o), has its ordinary length ; but, owing to the short- 
ness of the frontal lobe, it reac^hes to within half an inch of the tip of that lobe, whilst 
in the European it does not reach within one inch of that point. On the inner side 
of this sulcus is seen, as usual, the edge of the great marginal convolution (u) of the 
inner surface. To its outer side, the deep triradiate sulcus, which cuts up the res^ of 
the orbital surface into a posterior convolution (iff) limiting the Sylvian fissure, an 
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internal convolution (jw) bounding the olfactory buIcus, and an external curved convolu- 
tion (iirff) forming the outer border of the frontal lobe, consists of three short simple 
curved branches, very like those fpund in the Ape, instead of the tortuous sulci seen 
in the European brain. The forms of the surrounding orbital convolutions themselves, 
including the proper supraorbital (w), are so J)road and simple, that their subordinate 
di^isions, which are so complex in the European bmin, can hardly be said to exist. 

frontal convolutions (Plates XVII. & XVIII. figs. 1 & 3) are, as usual, arranged 
in three stages or rows, separated from each other by two deep secondary sulci. The 
lower row (i-i) (le premier etage, Gratiolet; infero-frontal, Huxley) is well defined, 
and intermediate in complexity between its condition in the Hottentot Venus and an 
average European brain. The middle row ( a - af ) (le second etage, Gr. ; medio-frontal, H.) 
resembles, in its simplicity of form and detail, that of the Hottentot Venus much more 
than that of the European brain, especially as seen from above. Posteriorly (^) it 
joins the upper end of the first ascending parietal convolution (4), as in the Hottentot 
Venus, whilst in the European the continuity is usually interrupted by a secondary 
sulcus ; but instead of being continuous, as in the former, in front of the Sylvian fissure, 
with the lower frontal, it is there separated from it, as in the latter. The u^er row ( a - ai ) 
of frontal convolutions (le troisieme etage, Gr. ; supero-frontal, H.), in its proportion to 
the other two rows and its subordinate divisions, approaches nearer to the European 
type ; but it is simpler, and. in the upper view (Plate XVII. fig. 1) much narrower, 
narrower even than those figured in the Hottentot Venus. As usual, it joins ( ar) the first 
ascending parietal convolution ( 4 '), behind and above, in front of the fissure of Kolando. 
Along the border of the longitudinal fissure, where it is blended with the great marginal 
convolution, it is less frequently notched than in the European brain ; so that one par- 
ticular notch (in front of s/) becomes very evident. In this respect the resemblance is 
very close to the Hottentot-Venus brain; but the left notch is further back than the 
right, instead of the reverse. In the European brain these notches symmetrically 
placed on the two sides (see Plate XX.). 

The frst, or anterior ascending parietal convolution (Plates XVII. & XVHI. figs. 
1 & 3, 4-4/) (premier pli ascendant, Gr. ; antero-parietal, H.) is larger and more pro- 
nounced in its form than in the Hottentot Venus ; in its general mass it approaches the 
European character; but it has fewer secondary sulci, and, as already stated, joins 
anomalously the middle frontal row. It is broader on the right side than on the left. 
As usual, it forms the anterior border of the fissure of Rolando, joins at its lower end 
the supramarginal convolution (iii-tn) which limits that fissure below, and at its upper 
end runs forwards into the upper row of frontal convolutions, and backwards around 
the upper end of the fissure of Rolando into the second or posterior ascending parietal 
convolution (*). In the brain of the Hottentot Venus (see Plate XX.), this last-named 
connexion is almost concealed within the longitudinal fissure ; whereas in the European 
brain it is superficial, owing to the greater upward development of this part of the brain. 
In the former case the hinder end of the fissure of Rolando loses itself in the longitudinal 
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fiwYire, whilst in the latter it stops short of that fissure. On the left side the Bush- 
woman’s brain presmits the European character, whilst on the right side it has the 
Hottentot-Venus character. As in the case of the deep notch in the upper frontal con- 
volutions, the fissure of Rolando extends frirther back on the left hemisphere' than on 
the right. In the Hottentot-Venus brain.the reverse is the case. From all this it may 
be deduced that in the Bushwoman’s brain the. left frontkl region is developed further 
backwards than the right, whilst in the Hottentot Venus the condition is reversed. 

posterior ascending parietal convolution (Plates XVII. & XVIII. figs. 1 & 3, s-s) 
(deuxi^me pli ascendant, Gr. ; postero-parietal, H.) holds, as regards size and complexity 
of modelling, a position between the Hottentot and the European brain, but on the 
whole is nearer to the former than the latter (Plate XX.). But, as seen in the lateral 
view (Plate XVIII. fig. 3), its lower and posterior border is joined, as in the European 
brain, by a superficial connecting convolution (♦) with the lobule (a-a) of the supramar- 
ginal convolution above and near the upper end of the Sylvian fissure, whilst in the 
Hottentot-Venus brain this is not the case. On the left hemisphere this posterior 
ascending convolution is broader and more complex in form than in the Hottentot 
Venus, or indeed than in many European brains ; but on the right side it is quite simple 
and unusually narrow. It ends posteriorly, as is the rule, in its so-called “ lobule” (#/-#») 
(lobule du deuxieme pli ascendant, Ge. ; postero-parietal lobule, H.), a triangular mass 
of secondary convolutions more or less variable in different brains, and even on tlie two 
sides of the same brain. In the Bushwoman’s brain these lobules are, in point of size 
and complexity, intermediate between those of the Hottentot Venus and the ordinary 
European, but are nearer to the latter than the former. On the left side, however, the 
hinder border of the lobule is absolutely defined on the surface, owing to the deep position 
there within the external perpendicular fissure of the upper external connecting convo- 
lution (a), or first external “ pli de passage ” of Gbatiolet. In this point the Bush- 
woman’s brain is more ape-like than even that of the Hottentot Venus (see Plate XX.). 

The supramarginal convolution (Plate XVIII. fig. 3, nf-m) connects, as usual, the two 
ascending parietal convolutions below the lower end of the fissure of Rolando, and there 
forms the step-like border of the Sylvian fissure already alluded to, which is now seen 
to depend on the great downward development of the two ascending parietal convolu- 
tions. The anterior part of the supramarginal convolution, which overhangs the island 
of Rsil, and is continued into the inferior frontal and adjacent orbital convolutions, is 
scantily developed, in correspondence with the open state of the Sylvian fissure, and the 
constricted form of the brain at this point. 

The central hbe^ or island ofSiEiL (0), is small on both sides of the brain, but is some- 
what larger on the right side than on the left; its total length is 1*75 inch on the 
left side and 1*5 inch on the right, whilst its average length, in an ordinary European 
brain, is from 1‘76 inch to 2 inches. On the left side it is subdivided into three chief 
radiating convolutions, the middle one of which is partially subdivided by a slight sulcus; 
on the right side this middle portion is more deeply subdivided; so that there are four 
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radiating convolutions on both sides, but on the right side these appear larger than on 
the left. In the European brain these radiating convolutions again subdivide along 
their upper and outer borders, so as to appear still more numerous. 

The hinder end of the mpramarginal coxivolntxc^ expands, as usual, into its so-called 
^Hohule'* (Plates XVII. & XVIII. figs. 1 & 3, a-a), which is described by Gratiolet 
as a part peculiar to Man — ^a statement undoubtedly true if the lobule be regarded 
merely as, an expanded or highly developed portion of the supramarginal convolution 
itself, but not to be accepted as implying that the lobule is an entirely new part of the 
cerebrum, wholly unrepresented in the quadrumanous brain. Even as regarded in the 
former light, the condition of this lobule of the supramarginal convolution in the Bush- 
woman’s brain is of special interest. It protrudes in her brain in the form of a large 
nearly quadrangular mass, situated exactly beneath the parietal eminence of the skull, 
and corresponding therefore with the line of greatest width of the cerebrum ; it overhangs 
the upper part of the Sylvian fissure ; it is connected in front, by a partially concealed 
convolution (#) already mentioned, with the posterior ascending convolution, above 
with the lobule of that convolution, and behind with the bent convolution (a); and 
it is marked by several secondary sulci. In all these particulars it resembles the part in 
the European brain, but it is somewhat smaller. On the other hand, it is decidedly 
superior to that of the Hottentot- Venus brain, being larger and more complex, pro- 
jecting more over the Sylvian fissure, and having a more superficial connexion with the 
posterior ascending convolution. Kelatively it is one of the most developed parts of the 
Bush woman’s brain. 

The bent convolution (a-o) (pli courbe, Gr.), which limits the summit of the Sylvian 
fissure, is connected in front with the lobule of the supramarginal convolution, and, 
turning downwards, sinks in between the upper external temporal (Plate XVIII. fig. 8,7) 
and middle temporal (9) convolutions, on the left side, as is usual; whilst on the right 
it continues superficial, but does not join the superior temporal convolution as in the 
Hottentot-Venus brain; in the latter brain it is a simple though somewhat tortuous 
convolution, whilst in the European brain it is represented by two or more convolutional 
folds. It is decidedly defectively developed in the Bushwoman’s brain. 

The three rows of external temporal convolutions (Plates XVII. XVIII. & XIX. figs. 2; 
8, & 6) are intermediate in character between the European and Hottentot condition . On 
the left side they are more complex than on the right, where they resemble more nearly 
those of the Hottentot Venus. The upper temporal, or inframarginal convolutim (7-7) 
(pH temporal sup^rieur, G». ; antero-temporal, H.) is bent, and somewhat constricted, 
opposite the ends of the ascending parietal convolutions, at the peculiar horizontal step 
of the Sylvian fissure. It is separated from the bent convolution, as usual, by a secondary 
sulcus. As in the Hottentot Venus, it is proportionally wider than in the European 
brain. The middle iemperai conxoluHon (t-e) (pli t^poral moyen, Gr., medio-diem- 
poral, H.) is narrows, metre tortuous, and slightly more complex than in the Hottentot 
brain, but not nearly so wide or so much intersected with secondary sulci as in the 
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European. The lower temporal convolution (d-#) (pli temporal inferiejir, Gr. ; postero- 
temporal, H.), which is not well defined along its upper border, also approaches the 
European rather than the Hottentot type, but is much less complicated than the former. 

The three rows of occipital convolutions (Plates XVII. & XVIII. figs. 1 & 3, lo, u, 12 ) 
(plis occipitaux, superieur, moyen, et inferieur, Gr. ; super-, medio-, and infero-occi- 
pital, H.), which in quadrumanous brains of moderate complexity (as in Cercopithecus) 
are simple and easily distinguishable, but which in the anthropoid Apes assume a 
puzzling complexity, become, as is well known, in the human brain so highly complicated! 
and involved with the external connecting convolutions, that a detailed description of 
them is almost impossible. Considered generally, they are remarkably defective in total 
depth and in individual complexity, in the Bushwoman’s brain. The vertical depth of 
the three rows, and of their connecting convolutions, in the European brain is 2*75 inches ; 
in the Hottentot-Venus brain 2*25 inches; in the Bushwoman’s brain only 2 inches. 
This deficiency affects all three rows of occipital convolutions, but is especially notice- 
able in the inferior row, along the lower border and extreme point of the occipital lobe. 
This is perhaps the most defective region of the Bushwoman’s cerebrum. 

Of the external connecting convolutions already mentioned, four in number, which in 
Man interrupt the external perpendicular fissure, the upper one (a) (premier pli de 
passage externe, Gr. ; first external annectent, H.) is on the left side superficial behind, 
but sinks beneath the bent convolution in front. On the right side it is superficial 
throughout, so as speedily to obliterate the external perpendicular fissure, and is very 
tortuous. The three remaining connecting convolutions, viz. the second (/3), third (y), and 
lowest (h) are remarkably simple and small, occupying so little space as, together with 
the deficiency in the bent and occipital convolutions, to account for the slight depth of 
the cerebrum in this region. They are all continuous posteriorly with the several rows 
of occipital convolutions, but arc less directly connected anteriorly with the middle and 
inferior temporal convolutions than in the European, or even in the Hottentot-Venus 
brain, on the left side, whilst on the right side they are easily traceable into those con- 
volutions. 

On the inner surface of the hemisphere (Plate XVIII. fig. 4), the great marginal con- 
noluHon (ir-u) (pli de la zone externe, Gr.) is proportionally narrow. As usual, it is 
thicker opposite the beak-like prominence of the frontal lobe, where it is subdivided 
into two parallel convolutions by an unusually simple longitudinal secondary sulcus. It 
is intersected above the corpus callosum by transverse radiating sulci, which divide it 
into short secondary convolutions, arranged like the stones of an arch. In both hemi- 
spheres it is twice connected (*, *), in front of and above the middle of the corpis callo- 
sum, across the great fronto-parietal fissure (tW), with the convolution of the corpus 
callosum. 

The convolution of the corpus callosum (^s-is) (pli du corps calleux, Gr. ; circonvolu- 
tion de Tourlet, Eoville ; callosal, H.) presents its usual characters, turning round the 
posterior end of the corpus callosum (c), and becoming continuous beneath the cerebral 
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peduncle (Plate XIX. fig. 6), by a narrow ridge (#), with the middle internal or unci- 
nate convolution (19) of the temporal lobe. The callosal convolution is large, and its 
crested upper border is well marked posteriorly. The marginal convolution is relatively 
rather narrow, and its secondary convolutions are simple. Altogether these internal con- 
volutions are less complex than in the European. 

The guadrilateral lobule (Plates XVIII. & XIX. figs. 4 & 6, >«;) (lobule quadrilatere, 
Foville; quadrate lobe, H.), the extension backwards and upwards of the callosal 
convolution, is very well marked; but it is short, and, in accordance with the more 
upright direction of the internal perpendicular fissure (already described), is not quite so 
much iDclincd backwards as in the European. It is smoother and narrower above than 
below, instead of being wider than, or of equal width as, in the European — a condition 
which coincides with the backward extension of the ascending parietal convolutions and 
the fissure of Rolando. 

Of the three internal temporal convolutions (Plato XIX. fig. 5), the upper one, con- 
cealed in the dentate fissure, w, and corresponding with the corps godronne of authors 
(the dentate convolution, H.), is present, but very small, the fascia dentata being only 
just recognizable. The middle internal temporal cmvolutim (19-19) (pli temporal moyen 
int^rieur, Gb. ; uncinate, H.), continuous upwards by the narrow ridge (#) with the 
convolution of the corpus callosum, and ending forwards in the unciform lobule (lor) 
(lobule de Thippocampe, Gb. ; and crochet of ViCQ d’Azyb), is relatively narrow and less 
prominent in the Bushwoman’s brain, the crochet being particularly small. The lower 
temporal convolution (9-9), which in fact is the same as the lower external temporal, and 
is marked oflF from the middle one by the parallel fissure of Gbatiolet {n-n) (collateral 
fissure, H.), is very broad, though smooth. The secondary sulci of these convolutions 
are chiefly longitudinal, and more simple than in the European brain. The middle con- 
volution (19), that above the collateral fissure, is traceable round the very tip of the 
occipital lobe, and, curving upwards on its hinder aspect, joins the middle and lower 
occipital convolution; the lower one (9) unites more directly with the lower occipital 
row. 

The bottom of the calcarine portion {l—l) of the fissure of the hippocampi corresponds 
with the hippocampus minor in the posterior horn of the lateral ventricle. Deeply 
seated between its two short branches behind is a ridge of cerebral substance, repre- 
sentative of the calcarine lobule of Floweb. 

The triangular occipital lobule (Plates XVIII & XIX. figs. 4 & 5, u-m) (lobule occipital, 
Gb.) is of small size, and has its anterior and inferior margins more even, and its surface 
less complex than in the European brain. Owing to the less inclined position of the 
internal perpendicular fissure, this lobule approaches somewhat nearer to the vertex 
than is customary. 

Lastly, the lower internal connecting convolution (Plate XIX. fig. 6) (pli de passage 
infdrieur interne, Gb.) which joins the lower and anterior angle of the occipital lobule 
with the adjacent part of the quadrate lobule, is represented, as usual, by a ridge con- 
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tetded (netr f) within the perpendicular fissure, which aocordinglf ^oins supeificiallj 
&e fissure of the hippooampi. The v^per interned cmn/ectmg cenmlutiony which in 
the Apes oomnumly crosses higher up between the ocdpital and quadrate lobules 
(opposite (), is, as customary in Han, completely absent ; so that the development of 
these internal connecting convolutions, like that of tiie external ones, is perfectly 
normal 

From a gcmerad consideration of the above detailed convolutional characters of the 
Bushwoman’s brain, the following conclusions may be announced. 

1. All the primary convolutions which exist in the human brain, viz. the orbital con- 
volutions, the three frontal rows, the two ascending parietal and the parietal lobule, the 
supramarginal with its lobule and the bent convolution, the three external temporal, 
riie three occipital rows, those of the island of Beil, the marginal and callosal convolu- 
tions, the quadrate and occipital lobules, and the three internal temporal convolutions, 
are present in the Bushwoman’s brain ; but, as compared with the same parts in the 
ordinary European brain, they are smaller, and in all cases so much less complicated aes 
to be far more easily recognized and distinguished amongst each other. This compa- 
rative simplicity of the Bushwoman’s brain is of course an indication of structural infe- 
riority, and indeed renders it a useful aid in the study of the more complex European 
form. On contrasting the several regions of the cerebrum, the primary convolutions of 
the upper frontal and outer parietal r^ons are, on the whole, the best developed ; those 
of the middle and lower frontal regions, the temporal region, the central lobes, and the 
inner surface the next ; whilst those of the orbital surface and occipital lobe arc the least 
devdoped. 

2. Of the connecting convolutions, those highly important and significant folds, the 
external connecting convolutions are, in comparison with those of the European brain, 
still more remarkably defective than the primary convolutions. All four of these con- 
volutions are present ; but all are characteristically short, narrow, and simple, instead 
of being complex, and occupying a large space ; hence, though the external perpendicular 
fissure is soon filled up, the parietal and occipital lobes are more easily distinguishable 
from one another than in the European brain. The upper external connecting con- 
volution on the left side does not superficially join the parietal lobule, but sinks beneath 
it and the bmit convolution. Of the internal connecting convolutions the arrangement 
is normal. 

The numerous secondary sulci and convolutions, which so complicate the larger ones 
in the European brains, are everywhere decidedly less developed in the Bushwoman— 
but especially so in the occipital and orbital regions, on the bent convolution^ and on 
the external connecting convolutions. This is a further sign of structural inferiority. 

3. Compared with the brain of the Hottentot Venus, as that is represented by 
GBASfOLBsr, the Buahwoman’s brain is» in nearly all cases where comparison is possible, a 
little, though a very little, more advanced and complex in its convolutional devdopmenl-^ 
the one exception being in legiud to the size of the occipital and' extiaeBialxzHinectiii^ 
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conyoluttons, whigh are smaller in the Bndmoaum. It it potnible, howerer, tomn 
of the apparent simpHcity of the Hottentot-Vemn hnan matf be doe to the tmsveidable 
lost of form and detail incidental to its long^ period of preservation, as compared with 
the more recent and comparatively uninjured Bushwoman's brain. This may aeeonnt, 
for example, the comparative breadth and smootimess of the upper frontal and of 
the middle and lower temporal convolutions in the figures of M. Obatiolet. Allowance 
being made for this, the resemblance between the convolutions of the two brains is very 
dose, and serves to ccmfirm the demonstration by that author of the relative simplidty 
of the Hottentot-Venus brain — a simplidty which he has only seen partially paralleled 
in normal European brains, but which, in my own more limited experience, I have 
never even seen approached in healthy brains. 

4. Whilst, then, the difference between the Bushwoman’s brain and the European 
brain, not merely as to size, but as to convolutional development, is very marked, that 
between the Bushwoman and the Hottentot Venus is very small ; and indeed if we regard 
the relative general development of the convolutions as a gauge of proximity or separa- 
tion, it is turned into a near resemblance ; and since no suspicion either of idiocy or other 
defect exists as concerns the Bushwoman, this would go far towards proving that the 
inferiority in the cerebrum of the Hottentot Venus is not due, as has been suggested, to 
an arrest of development of a personal or individual kind, but that, whilst undoubtedly 
both brains show an infantile or foetal leaning, this is to be attributed partly perhaps to 
sex, but in the main to the characterization of the race itself. 

5. As regards the question of the symmetry of the convolutions, it may be said that, 
although it is certainly easier to compare those of the two hemispheres in the simpler 
brains of the Bushwoman and Hottentot Venus than in the more highly developed 
European brain, still a very cursory examination shows that in numerous particular 
points, already mentioned in our description, there is just as frequent an occurrmice of 
asymmetry in the two former as in the latter, by which drcumstance therefore they 
manifest a truly human character. 

6. Although not only in size, but in every one of the signs of comparative inferiority 
manifested in the lower convolutional development of the Bushwoman’s cerebrum, it 
leans as it were to the higher quadrumanous forms, yet, as r^^ards the sum of its con- 
vodutional characters, judged of by the presence or absence, the individual and relative 
rize and position, the comparative complexity or simplicity, and the symmetry or asym- 
metry of particular fissures and convolutions, there is a greater difference between it and 
the highest Ape’s brain yet described, viz. the adult Orang’s brain, than between it and 
the European brain (compare Plates XX. & XXIII. figs. 7, 9, & 20). This difference 
i%. as one evidently would expect, especially marked in the r^ons peculiarly dev^ 
loped in Man, viz. in the anterior outer and upper parts of the frontal lobe, in the pro^ 
mina p t part of the parietal lobe (that is, in the characteristically human supramarginal 
lobule)^ and iztthe regions' of the .estesnal emsneeting convolutions, especially of the 
tsso upper external dnee* It is almost needless- to add that there is fiur less difference^ 
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in convolutional development, between the Bushwoman’s brain and the European brain, 
than between the low^t and highest quadrumanous brains. If, indeed, we disregard 
the general differences of size and complexity, and look only to those which have been 
considered as special peculiarities, such as the existence of the supramarginal lobule, 
and the joint relative development of the two upper connecting convolutions, there is 
less difference between the Bushwoman and the European than between the Chimpanzee 
and the Orang. But perhaps it is premature yet to decide this latter point. It is cer- 
tain, however, that there is less difference in convolutional development between the 
Bushwoman and the highest Ape, than between the latter and the lowest quadrumanous 
animal. 

7. Finally, the establishment of the conformable development of the brains of the 
Bushwoman and Hottentot Venus (herself believed by G. Cuvier to have been a Bush- 
woman of small stature) is a step gained in cerebral anatomy; and their common infe- 
riority to the European brain may justify the expectation that future inquiries will 
show characteristic peculiarities in degree of convolutional development in the different 
leading races of mankind. 

e. Internal Structure of the Cerebrum and Cerebellum, The Commissures^ Cavities, 
Ganglionic masses, and Laminae, studied on the Preserved Brain. 

The cerebrum. — ^The general depth of the sulci in the Bushwoman’s brain is rather 
more than half an inch ; they are deepest on the parietal region, shallower in the frontal, 
and, with the exception of the posterior part of the fissure of the hippocampi, are shal- 
lowest on the occipital lobe. They are deeper on the outer than on the inner surface 
of the cerebrum ; they are very shallow on the under surface near the tip of the tem- 
poral lobe, and also on the orbital surface of the frontal lobe. In these respects the 
Bushwoman’s brain conforms to the usual conditions. 

The average thickness of the grey matter is nearly ^ths of an inch, the extremes 
being -jftjths and nearly -gf^ths of an inch. The thickest grey matter is in the frontal and 
parietal regions, the thinnest at the tip of the occipital lobe, as usually found in both 
human and quadrumanous brains. The proportion of white matter in the centre of the 
hemisphere (see Plate XIX. fig. 6), which forms, on a horizontal section, the centrum 
ovale, appears smaller than in the European — a condition which coincides with the 
comparative narrowness of the brain. Both the grey and the white substance are 
darker than in the European, having a peculiar yellow tint. There was much pigment 
here and there in the membranes. 

The corpus callosum (Plate XVIII. fig. 4, c) is long, but is wanting in general depth 
and in thickness at each end.' As measured in the hardened brain, in thirtieths of an 
inch, its length, its greatest thickness, its least thickness, and its average thickness are 
represented by the numbers 78, 13, 6, and 6 ; whilst in the European the correspou^ihg 
dimensions are 93, 16, 6, and 13 ; in the Chimpanzee I found them to be 61v 6, 2^ and 
4*6. The sectional area of the longitudinally divided corpus callosum is tliereffutt in t^e 
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Bushwoman of a square inch, whilst in the European it amounts to and in 
the Chimpanzee to of a square inch. Compareji with the area of the internal sur- 
face of one hemisphere, the sectional area of the corpus callosum is in the Bush- 
woman’s brain as 1 to 26, in the European as 1 to 12*5, and in the Chimpanzee as 1 to 
28 5 ; so that the corpus callosum, thus estimated in proportion to the cerebrum, is in the 
Bushwoman only half as large as in the European, and not much larger proportionally than 
in tlic Chimpanzee. The anterior commissure (a) is also singularly small ; the posterior 
commissure is very slender ; whilst (probably an individual peculiarity only) there is no 
trace of the so-called soft commissure. On the whole, therefore, the system of transverse 
commissural fibres is defective ; and as the size of the medulla oblongata, in proportion 
to the unusually narrow cerebrum, is larger even than in the European (so that the 
i-adiating system is probably not so much diminished), it would seem as if the relative 
deficiency of white substance within the hemispheres was owing in a great degree to the 
fewness of the transverse, as well, perhaps, as of other commissural systems of fibres. I have 
elsewhere pointed out the same condition in the Chimpanzee’s brain ; and it doubtless 
is associated, in the Bushwoman’s brain, with its inferior bulk and less convoluted sur- 
face. The proportional size of the corpus callosum, thus considered, offers, I believe, a 
not inconvenient test of the relative perfection of any given normal brain of certain plan. 
Comparative anatomy supports this view. Of the longitudinal system of commissures, 
the fornix is thin, the tmnia semicircularis slender, and the stri® longitudinales plainly 
visible. 

The septum lucidura, with its intervening ventricle, is large, both in depth and extent 
from before backwards. The lateral ventricle in the left hemisphere (Plate XIX. fig. 6) 
proved to be a very large cavity; the body (a) measured 1*5 inch in length, the anterior 
cornu (li) between *6 and *7, the posterior cornu (c) 1*8, the descending cornu (d) 1*6; 
the corresponding numbers in an ordinary example of a European brain were 2T, 1*4, 
1*2, and 2*6. Comparing these dimensions with the total lengths of the two cerebra 
respectively, viz. 6*8 inches for the Bushwoman, and 6*6 for the European, we get the 
following proportions: *26, Tl, *31, and *43 to 1 in the Bushwoman, and in the Euro- 
pean *32, *21, *184, and *4 to 1. In the former, therefore, the body is short, the ante- 
rior cornu very short, the descending cornu long, and the posterior cornu very long, the 
proportion being as 6 to 3. The width and depth of the posterior cornu are as remark- 
able as its length ; the width varies from *3 of an inch, opposite the projection of the 
hippocampus minor, to upwards of *4 in the wide recess behind that eminence ; the 
depth of the cornu, at its deepest part, is *4 of an inch. From the end of the posterior 
cornu to the'extremity of the occipital lobe is *6 of an inch, that is, a little more than 
•j*tth of the total length of the brain, showing an unusual proximity of the posterior 
cornu to the apex of the posterior lobe. The hippocampus major (e) is narrow, it 
estpands at its lower end, on the anterior border of which is a single prominence, but 
otherwise there is no trace of indentation. The hippocampus minor {f) is of large 
dimenaioBB, projecting boldly into the middle of the posterior cornu, and subsiding 
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giaduallj backwaordi) being 1*1 inch in length, and *4 inch in greatest breaddt. The 
eminentia coUateralia {g} is represented by a broad triangular and eleirated sur&ce 
between tiie two hippocampi. 

On the method employed by Mr. Flower to determine the ratio between the antero* 
median and posterior portions of the cerebrum, measured forwards and backwards from 
the point of junction of the hippocampi, 1 find that the antero-median portion measures 
3*75 indies, and the posterior 2*05 inches, showing a ratio of 100 to 54*6; whilst the 
ordinary ratio in the European is said by Mr. Flower to be 100 .to 53 ; in the Chim- 
panzee it is as 100 to 52 ; so that in the Bush woman the posterior region (thus measured 
on its* under surface) is proportionally longer, or the antero-medi^ region propor- 
tionally shorter than in the European or Chimpanzee’s brain ; but in other Quadrumana 
the posterior region is stated to be longer still (in Hapale 100 to 62). 

As seen in the body of the ventricle, the corpus striatum (A) and optic thalamus (a) 
occupy about the same relative spaces from before backwards as in the European ; but 
both, espedally the optic thalamus, appear narrower from side to side. In an ordinary 
European brain, the exposed part of the corpus striatum measured *9 inch long and 
*5 inch wide ; the optic thalamus 1*3 inch long and *5 inch wide. In the Bush woman 
the corpus striatum is *9 inch long and *3 inch wide, and the optic thalamus 1*2 inch by 
*45 inch. 

The corpora quadrigemina (Plate XVIII. fig. 4, j) are rather small, even in propor- 
tion to the brain ; the anterior one, as usual, is the more prominent, and the postericar 
one the wider of the two. The corpora geniculata are both well marked, though of 
moderate size. The pineal body is small; its habenulae are well developed. The 
corpora albicantia are prominently developed. The pituitary body is of moderate size. 

The pons Varolii seems proportionally large: from its upper to its lower border it 
measures *9 inch, whilst in the European brain it is about 1 inch ; the mean thickness 
of its section is, in the Bush woman’s brain, *8 inch; in the European, *9 inch. 

The medulla oblongata is relatively wide, and so are the eerebral peduncles. The 
medulla oblongata is *85 inch wide at its widest part, offering the ratio of 1 to 6, 
instead of the ordinary ratio of 1 to 7, to the width of the cerebrum. Upon the medulla 
oblongata the anterior pyramids are well pronounced, and the corpora olivaria are narrow 
but prominent : the corpus dentatum within the latter is neatly defined and waved. 

The cranial nerves generally appear small ; the olfactory nerves, however, are well 
developed. The optic nerves, commissure, and tracks are small and flattened, even 
the nerves having an unusually thin oval section. The small size o;f the optic tracks and 
corpora quadrigemina is interesting in connexion with the defective development of 
the occipital lobes of the cerebrum, a part to which many of their fibres have been txueed 
by Gratiolet. . * . 

The osreAaZ/um.-— Every part of the cerebellum (Plates XVll. & XVm. figau2, 8, 4^ Cs) 
is present. The lateral portions or hemispheres are especially wide. On ^ upper son* 
&ce the square lobes are not so square as usual, but are elongated late:^y, and naazow 
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extemallf ; the upper posterior lobes are also narrower and less curved thim in the or^- 
nary European brain ; the superior mifoim process is long, but relatively narrow. On 
the under surface, the amygdalae are not more tiian half the usual size, and are narrow 
and oblong, not broad and pyramidal in shape ; the biventral lobes are, cm the (xmtrary, 
large, and, owing to the small size of the amygdalae, are placed nearer to the middle 
line and have their laminae more vertical ; the slender lobes are also large and broad ; 
lastly, the lower posterior lobes, separated from the upper posterior by the usual deep 
horizontal fissure, ase likewise very broad. In the vallecula, the pyramid, uvule, and 
nodule are clearly defined, but somewhat narrow; the posterior velum is very well 
developed. The floccules, or subpeduncular lobes, are small, being both short and com- 
pressed. On the whole, therefore, the median parts of the cerebellum are relatively 
small, whilst its hemispheres are relatively large. 

The transverse commissural, or middle peduncular fibres appear, even to the eye, pro- 
portionally more abundant than in the European, and likewise more so than in the 
Chimpanzee. A comparison of the sectional area occupied by these fibres in the pons, 
with the weight of the cerebellum, confirms this observation. The oval surface (Plate 
XXIII. fig. 23, jo), which includes the ends of these transverse fibres, as divided in the 
median plane of the pons, is in the European *95 inch long by ‘65 inch wide, giving 
a sectional area of ’BITS square inch,, which, as the total weight of the cerebellum is 
4*68 oz., gives about *13 square inch of surface to each ounce of cerebellum. In the 
Bush woman, the corresponding] oval surface (fig. 24,^) measures 1 inch by *6 inch; its 
area equals therefore *6 square inch, which, divided by the weight of the cerebellum, 
3’46 oz., gives T73 square inch of surface to each ounce of cerebellum. In the Chim- 
panzee the equivalent measurements are *65 by '4 inch ; the area is *22 square inch ; 
the weight of the cerebellum is 2*02 oz., and the ratio of cut surface to each ounce of 
cerebellum is nearly *11 square inch. This is an important point in which the brain of 
the Bushwoman does not stand intermediately between the European and the Ape, but 
surpasses even the European brain. The inferior peduncles, and also the superior 
peduncles of the cerebellum, appear relatively small ; but no precise method of measure- 
ment could be adopted in regard to them. 

It is difficult also to devise any satisfactory mode of determining the number of 
laminse in any given cerebellum. If the superficial laminee be counted, they are found 
to vary so in length, that, whilst some pass round the whole surface or border of the 
cerebellum, others disappear . between adjoining laminee at various points, so that po 
single line can be drawn over the surface which will cross the edges of all the super- 
ficial laminae. On the other hand, if the deep as well as the superficial laminae be 
counted, then it is difficult to determine how small or short a fold shall be considered a 
distinct lamina, some of them being very short. Furthermore, the larger ones are 
often slightly grooved along their edge, and might be reckoned or not as consisting of 
two. MaUlCSBNA *, who gives the number of laminap in the healthy cerebellum at as 

*' NeoriHcnoefidotoBiia. Pavia, 1791, p. 7. 
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high numbers as 600 and 780, evidently counted all the lamince he could find. I have 
adopted the plan of counting the superficial laminsB only in the principal lobes and 
superior vermiform process ; whereas in the smaller parts of the organ, and in the infe- 
rior vermiform process, all the laminoe have been counted. The following Tables show 
the results in the European, the Bushwoman, and the Chimpanzee, for the left half of 
the cerebellum. 

Siipeificial laminaj only counted. 



Median 

portion. 



Lateral parts. 



Total 

lamina3 in 
lateral 
parts. 

Superior 

verniilbrni 

process. 

Stpiare 

lobe. 

Posterior 

superior 

lobe. 

Amygdala.* 

Biventral 

lobe. 

Slender 

lobe. 

Posterior 

inferior 

lobe. 

European 

18 

21 

13 

9 


mm 

■m 

70 

Bushwoman 

23 

21 

14 

8 




71 

Chimpanzee 

20 

25 

10 

8 



■■ 

63 


Superficial and deep laminae counted. 


Median portion. 

Lateral parts. 

Inferior 1 • ti 

process. J 

Amygdala. 

Floccide. 

37 = 28 + 9 

21 

18 

33 = 24 -f- 9 

20 

17 

34 == 29 + 6 

22 

17 


European . 
Bushwoman 
Chimpanzee 


As thus counted, the number of laminae in the Bushwoman’s cerebellum agrees very 
closely with that in the European, the difierences being probably only such as might be 
met with between individuals of cither race. The total number in the lateral parts or 
hemispheres is nearly identical. The differences between the upper and lower posterior 
lobes nearly compensate each other, as do those between the amygdalae and biventral 
lobes ; the square and slender lobes exactly agree. In the median portion the chief 
point of difference is found, viz. in the larger number of laminae in the upper vermiform 
process of the Bushwoman ; but then there is a smaller number in the pyramid and 
uvula of the lower veimiform process : the nodules coincide. It is worthy of note that, 
in the Bushwoman, the amygdala and floccule show but a slight defect in the number of 
their laminae, although both those parts arc so remarkably small. Indeed the total 
deficiency in weight, which has previously been shown to exist in the Bushwoman’s 
cerebellum, depends essentially, not on the absence of any parts or laminae*, but on the 
narrowness of these latter ; for they are obviously much finer than in the European 
brain. 

In the Chimpanzee the square lobe occupies more of the upper surface of the hemi- 
sphere than tn the European cerebellum, whilst the Bushwoman’s cerebellum presents 
an intermediate condition. The upper posterior lobe is consequently straighter in the 
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Ape, and forms less of the outer border of the hemisphere ; in this respect the Bush- 
woman also occupies an intermediate position. On the ether hand, the amygdalae, 
which are very small in the Bushwoman, are very large in the Ape ; whilst the biventral 
lobes are large in the former and small in the latter. The slender lobes are very broad 
in both ; the lower posterior lobes, broad in the Bushwoman, are very narrow in the Ape. 
The superior and inferior vermiform processes, especially the latter, are proportionally 
more marked in the Ape than in the Bushwoman, in whom they are smaller than in 
the European. The floccules, small in the Bushwoman, are well developed in the Ape. 
In none of these particulars, then, is the Bushwoman’s cerebellum intermediate between 
that of the European and the Chimpanzee ; nor is this the case in regard to the number 
of the laminm, for there are fewer on the whole in that animal even than in the Euro- 
pean, the particular excesses and deficiencies not appearing to be reducible to any rule. 
In accordance with the smaller bulk of this organ in the Ape, the laminse themselves 
are very much finer even than in the Bushwoman. 

In the Bushwoman the corpus dentatum is represented by- a comparatively small 
oblong mass of grey matter, almost destitute of foldings, and having its internal white 
substance ill defined. Is this connected with the small size of the quadrigeminal bodies ^ 
In the Chimpanzee this body is long and narrow, but its foldings are distinct. 

On the whole it may be said, judging fi*om its transverse commissural fibres and its 
laminae, that, with the exception of the amygdala and floccule, and the grey matter of 
the corpus dentatum, the cerebellum in the Bushwoman is very well developed, and 
that, as an organ, it is far more completely evolved than the cerebrum. 

II. THE IDIOTS’ BRAINS, 
a. General Account of the Idiots. 

The female idiot came of a healthy family, and died at the age of 42, of phthisis. 
Her height was about (probably below) 6 feet; her weight is unknown, but she was 
well proportioned, with shapely limbs, 'and small well-made hands and feet; she was 
never fat, and did not become emaciated until phthisis occurred. The general appear- 
ance of her microcephalic head, the form, size, and condition of the cranium, with other 
particulars, are described in Mr. Goeb’s paper*. From that source, and from informa- 
tion since supplied by him, it appears that her senses were perfect, including the appre- 
ciation of heat and cold. She had memory both of persons and things ; she could say 
“ child,” “ mamma,” “ morning,” and “ good ” with tolerable distinctness ; in the report 
of Mr. Gobe’s paper it is added, “ but without connexion or clear meaning,” In explain- 
ing this he ^tes, “ I think she had some, though probably a very imperfect knowledge 
or conception of the meaning of the words she used ; she certainly knew what was the 
meaning of ‘good,’ in relation to her own acts and conduct; she was, however, quite 
incapable of anything like conversation.” It is stated that she could not coilnt, and did 

^ * Antliropdogical Beriew, vol. i. 1863. 
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not know the value of money. She was obedient to those around her, affectionate, and 
fond of carrying and nursing a doll. She never manifested any sexual propensity, though 
she menstruated regularly. She was not passionate, nor violent, but was susceptible 
of joy and fear. She could not feed herself with any degree of method or precision, 
nor could she dress herself; in walking her gait was unsteady and tottering, the heels 
not bearing with any firmness on the ground. As already stated, her articulation was 
imperfect. There is no reason to suppose that she had any sense of religion, or idea 
of futurity. 

The idiot boy was bora of healthy parents. They, however, were first cousins, and 
met with great vicissitudes of fortune, accompanied, as regards the mother, with other 
causes of grief. No ancestral relative, on either side, was known to have exhibited any 
mental defect; but a second child, also a boy, one year younger, was likewise idiotic, 
though able to walk and to talk pretty distinctly. Both children were born at their 
full time; the mother was not frightened when pregnant with either of them. The 
brother is also dead now*. 

The boy whose brain we are about to describe did not notice persons or things till 
he was 6 months old, and then very little. He lived in London till he was 4 years of 
age, and was then sent into the country, but he could not be taught anything ; he could 
not articulate, nor walk, nor feed himself, and was regarded as unimprovable. 

When about 10 years of age he is described as having a remarkably small head, and 
a large face ; he had a fine set of teeth, large eyes, prominent nose, receding forehead, 
and features resembling those of the male Aztec. His hands and arms were perfectly 
formed. He often put his hands into his mouth, like an infant ; he was invariably fed, 
cleaned, and pressed by others. He smiled and cried ; he could not talk, but uttered 
inarticulate sounds. Even at this age he was unable to walk, or even stand; and 
though he grew taller and stouter, he never gained strength to move about, but sat all 
day in a chair with a rail in front, to prevent him from sliding out. At the age of 
lOJ years he weighed, with his clothes, 37 lbs., the weight of the clothes being 3 lbs. 

oz. At the age of 11 he is said to have known persons, plucking at their garments, 
looking up in their face, laughing, and clapping his hands. By wriggling his chair 
about he contrived to move it a little way from its place; still he required to be 
dressed and fed, and could not handle anything. Subsequently he became irritable, 
fretful, and noisy, crying much, and striking the sides of his chair or bedstead. He 
never manifested any further signs of intelligence, emotion, or will, or any power of 
articulate speech. It is said that the head did not grow larger during the last two 
years of his life. He died at the age of 12 from spinal abscess* followed J^y abscess in 
the lung. At his death the body measured, from vertex to sole, 39J inches. Various 
measurements of the body and cranium, with other particulars, will be found in a 
paper in the ‘ Anthropological Review ’f. His incapability of walking was a true accom- 

* Dr. Down, of Earlswood Asylum, intends to publish an account of this boy’s brain. 

t For August 1863. 
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paniment of the idiotic condition, for it existed ypars antecedently to any spinal affec- 
tion. 

In neither the female nor the male idiot was there found any diseased state of the 
substance of the brain. 

b. Weights of the Idiots' Encephala and their parts. 

The recent brain of the female idiot, after removal of the membranes, weighed 10 oz. 
5 grs. In the idiot boy the brain, with the membranes, weighed 8^ oz. The normal 
weight of the female brain at 42 years of age would be about 42 oz., and that of a boy 
12 years of age about 44 oz. Idiots’ brains have already been noticed weighing 20*25 oz. 
(Todd*), 19*88 oz. (Tiedemann f ), 13*125 oz. (OwenJ); and the lightest brain, not 
altered by disease, previously recorded (Theile’s case), weighed 10*6 oz.} 

The weight of the body of the female idiot, seeing that she was of good proportions, 
about 5 feet high, but deficient in about 2 lbs. of brain, may be assumed to have been 
about 88 lbs. The idiot b6y, at 10^ years old, weighed 33J lbs. At his death, 19 months 
afterwards, his stature having increased though his growth was slow, for his ultimate 
height was only 39^ inches, his weight, independent of the effects of disease, may be 
taken at 36 lbs. 

In the idiot woman the weight of the brain, after preservation in spirit for many 
years, was found by Mr. Gore to be 7Joz., but, as subsequently weighed by myself, it 
proved to be 7 oz. 102 grs., or 7*23 oz. Tliis weight was made up as follows : — cere- 
brum, 5*52 oz. ; cerebellum, 1*41 oz. ; pons and medulla oblongata, *3 oz. Maintaining 
similar proportions for the several parts of the recent brain, which weighed 10 oz. 6 grs., 
the recent cerebrum would weigh 7*63 oz.; the cerebellum, 1*95 oz.,* and the pons and 
medulla oblongata *42 oz. 

In the idiot boy the preserved brain weighed 5*1 oz., which total weight was thus com- 
posed: — cerebrum, 3*51 oz.; cerebellum, 1*35 oz.; pons and medulla oblongata, *24 oz. 
Taking 8*5 as the ascertained weight of the recent brain, the recent cerebrum would 
weigh 5*85 oz.; the cerebellum, 2*25 oz.; and the pons and medulla oblongata *4 oz. 

The average weight of the cerebrum, cerebellum, and pons with the medulla oblon- 
gata, observed by Dr. Boyd in 94 females between the ages of 40 and 50, was 37*12 oz., 
4*69 oz., and *89 oz. ; whereas the average weight of the same parts in 22 males between 
the ages of 7 and 14 was 40*36 oz,, 4*84 oz., and ’76 oz. 

Assuming 90 lbs. to be the weight of a healthy female 5 feet high, between 40 and 
50 years of age, and 8jg lbs. to have been the weight of the idiot woman ; and again, 
taking 42 lbs. to be the weight of a healthy boy between 7 and 14 years of age, and 
36 lbs. as the weight of the idiot boy, we have the following results .* — 

* Cydop. Anat. and Riys. rol. iii. p. 719. 

I Trans. Zool. Soc. vol. i. p. 343. 


t Philosophical Transactions, rol. exxvi. 1836, p. 502. 
§ Waonbb’s Yorstttdion, ut svpra, Th. 2. 

4 a2 
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Female (Itoyd) 
40 to 50 years. 

Idiot woman. 

Boy (Boyd) 

7to 14 years. 

Idiot boy. 

Encephalon to body ?. 

1 to 33 

1 to 38 

1 to 307 

7*9 to 1 

1 to 140 

1 to 184 

1 to 

3*9 to 1 

1 to 14 

1 to 16 

1 to 140 

8*3 to 1 

1 to 67 

1 to 98 

1 to 256 

2*6 to 1 

Cerebrum to body 

Cerebellum to body 

Cerebrum to cerebellum ... 


The relative amount of brain to body in both idiots, 1 to 140 in the woman, instead 
of 1 to 33, as in the healthy female at the same age, and 1 to 67 in the boy, instead of 
1 to 14, is very small. Absolutely, as we have seen, the idiot boy had a brain smaller 
than the idiot woman’s, in the ratio of 8*5 to 10 ; but his brain was more than twice as 
large, in proportion to his body, as that of the idiot woman was to hers. It must be 
observed, however, as is well shown in the Table, that the ratio of brain to body is far 
greater in the growing individual than in the adult ; and, allowing for that, the pro- 
portion of brain to body in both idiots was somewhat less than one-fourth of what it 
would have been at corresponding ages in health. In neithar case is the ratio between 
the idiotic and the healthy condition exactly as 1 to 4, being in the idiot woman 1 to 
4*24, and in the idiot boy 1 to 4*78; so that, thus tested, instead of the boy’s brain 
being twice as much developed as the woman’s, the woman’s was comparatively a little 
larger than the boy’s. 

Again, the idiot boy’s cerebrum, absolutely smaller than the woman’s in the ratio of 
5*86 to 7*63, was, as compared with the idiot woman’s, about twice the proportionate 
weight in reference to the body, the one being equal to ^g-th part by weight of the body, 
the other being only xirth. ' But if the two idiots be compared with the healthy con- 
dition in persons of corresponding age, then they are nearly equal in this respect ; for, 
thus studied, ilie idiot woman’s cerebrum is about 1 to 5 as compared with the ordinary 
proportion to the body, and the idiot boy’s about 1 to 6, the actual ratios being, in the 
idiot woman’s case as 1 to 4*84, in the boy’s as 1 to 6*12. Hence a greater superiority 
is manifested, as regards the cerebrum, in the woman, than existed in reference to the 
entire encephalon. In her the cerebellum, as we shall next show, was below its due 
size. 

Thus, the idiot boy’s cerebellum, absolutely larger than the woman’s in the ratio of 
2*25 to 1*96, is, in proportion to his body, three times as large as the idiot woman’s to 
her body — the boy’s being j J^th part of his body, and the woman’s only yj^nd part of 
hers; but, again allowing for the normal differences in the proportions between the 
cerebellum and the body at different ages and in the two sexes, this extreme inferiority 
of the idiot woman is somewhat, though not entirely redressed. Ij’or in the idiot woman 
the ratio of the cerebellum to the body, as compared with the healthy ratio, is nearly as 
1 to 2 (actually 1 to 2*35), whilst in the idiot boy it is rather less than 1 to 2 (actually 
1 to 1*8). In other words, the woman’s cerebellum reached JJrds of the natural 
standard, and the boy’s tbs. Thus the idiot boy had not merely a cerebellum larger, 
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in proportion to his body, than the idiot woman, i. e. in the ratio of 3 to 1, but also 
larger in proportion to the healthy standard at the same age — the ratio in his favour then 
being, however, only as 4 to 3. 

Lastly, as shown in the Table, in the idiot woman the ratio between the cerebrum and 
cerebellum is 3*9 to 1, in the idiot boy 2*6 to 1. Hence the idiot woman’s cerebrum, in 
proportion to the cerebellum, is superior to the idiot boy’s in the ratio of 3 to 2. But 
comparing these abnormal proportions with those observable in healthy persons of cor- 
responding sex and age, the proportion of cerebrum to cerebellum in the idiot woman 
is to the natural proportion as 1 to 2, and in the idiot boy as about 1 to 3. In other 
words, the cerebrum in the woman, when compared with the cerebellum, has half tin? 
normal proportion, whilst in the boy it has only one-third. These figures show, not 
merely the exceedingly small relative size pf the cerebrum in both idiots, but a marked 
superiority on the side of the woman ; for whet;her we compare the actual ratios between 
the cerebrum and cerebellum in the woman and in the boy, or whether we contrast 
their respective ratios with the healthy standards, tlie superiority of the female’s cere- 
brum, as compared with her cerebellum, is to the boy’s, in either case, as 3 to 2. 

The general conclusions may thus be stated. These idiots fell remarkably short in 
both cerebral and cerebellar mass : in each the deficiency in cerebral mass was greater 
than in cerebellar : the idiot boy had more cerebellum than the idiot woman : the idiot 

woman had more cerebrum than the idiot boy. 

• 

c. The general Form, Dimensions, and relative Positions of the Parts of the 

Idiots' Encephala. 

Judging from the intraeranial cast, the general form of the cerebrum in the idiot 
woman, as eompared with the normal human cerebrum, is, when seen^from above, a 
‘short oval rather than a long ovoid, — the greatest transverse diameter being about the 
middle of the mass, and having a ratio to the length of 1 to 1T4 instead of 1 to 1*3. 
Far from being concealed, the cerebellum projects largely behind the eerebrum, and 
thus gives a long figure to the whole encephalon. Seen laterally, the entire brain has a 
low, contracted, globular outline, except of course below. The cerebellum appears to 
form about a fourth part of the mass, and projects beyond the cerebrum *35 of an inch. 
In the base view, the relative preponderance of the cerebellum is again the most striking 
feature. The temporal portions of the cerebrum appear full and prominent ; no part 
of the parietal region is seen on either side of them, and no part of the occipital either 
behind or at the sides of the cerebellum. The frontal region is singularly short, narrow, 
and pointed, instead of square, in front. The orbital surfaces are much excavated, the 
beak-like prominence of their median portions is well marked, and a slightly obtuse 
angle is formed by the meeting of their planes in the middle line. 

In size and general form, the encephalon of the idiot woman, as represented by the 
intracranial cast, resembles at first sight that of the young Chimpanzee ; but a nearer 
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examination reveals great differences in every aspect, as is illustrated in the subjoined 
outline figures. 


a a' e 



a. Upper view of tho intracranial cast of the cranium of the Idiot Woman. 

a!. Ditto of a young Ohimpanzee. h, V. Left sides of tho same two casts. 

Cy c'. Front views of the same. d, d'. Back views of the same. e, d. Base views of the same. 

N.B. All these figures ore reduced to one-third of the proper linear dimensions. 

Viewed from above (a), the general mass is more nearly oval, its greatest transverse 
diameter being opposite its centre, whilst in the Chimpanzee (a') it is further back. The 
frontal region is not so pointed. The cerebrum does not project beyond the cerebel- 
lum, as in the Ape. Seen laterally (^, h')j when the idiot’s brain ig placed in its natural 
position, the base line of the encephalon slants obliquely upwards and forwards, whilst 
the Ape’s is nearly horizontal. The vertex in the idiot is turned backwards and up- 
wards, instead of directly upwards ; the frontal lobe has a smaller beak-like projection, 
and in its general mass is deeper from its orbital margin upwards. The temporal lobe 
is much larger in all directions than in the Ape ; the parietal lobe is less prominent ; 
the occipital lobe is shorter. The cerebellum, in this view, appears very much larger 
than in the Ape, seeming to occupy an area more than twice as great. In front (c, </), 
the general resemblance between the two casts is the most striking,— the differences 
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being, on the part of the idiot’s brain, a slightly more elevated and broader frontal 
region; a shorter beak-like process; less excavated orbital surfaces, so that the angle 
formed by their meeting-point in the middle line is more obtuse ; and larger, less in- 
curved, and more widely separated temporal lobes. On the posterior aspect (d, d!) the 
casts, on the other hand, are very different, — the cerebrum of the idiot being of less width 
in the parietal region ; attenuated in length, width, and depth in the occipital region ; 
and having the cerebellum projecting at each side, and so large as to appear to tilt the 
cerebrum upwards, and to occupy in this aspect an area equal to one-third of the whole 
encephalon ; whilst in the Ape the cerebellum is overhung by the cerebrum, and forms 
a mass not more than one-fourth of the visible part of the encephalon. Seen on the base 
(^, d), the oval shape of the entire mass, the greater width and flatness of the frontal 
lobes, the size of and width between the temporal lobes, and the complete concealment 
of the posterior lobes of the brain by the voluminous cerebellum, distinguish the idiot’s 
from the Ape’s brain. 

The preceding description, and the tabulated measurements of the brains, given at 
the end of this paper, show that in the idiot woman the temporal regions manifest the 
greatest relative size, whilst the parietal, occipital, and frontal are very small ; whereas 
in the Chimpanzee’s cerebrum the occipital lobes have a larger relative development ; 
the frontal lobes stand next, whilst the temporo-parietal are defective. 

The cerebrum of the idiot boy, as seen from above, the only view of which we have 
an intracranial cast, differs from that of the idiot woman in being at once narrower and 
somewhat angular in its outlines. The frontal region is more pointed (indeed, singu- 
larly so), the occipital region flatter, and the parietal regions longer and more com- 
pressed. The widest part corresponds with the centres of the parietal regions, and is 
somewhat behind the middle of the mass. The ratio between the width and length of 
the cerebrum is 1 to 1*23; so that the idiot boy’s cerebrum is longer, in proportion to 
its width, than the idiot woman’s — not from any actual superiority as to length, but 
rather owing to a deficiency in width of the whole cerebrum. As in the idiot woman, 
the cerebellum is not covered by the cerebrum behind ; but probably it was not so much 
exposed. In shape the idiot boy’s brain is so long and narrow as not to be comparable 
with the Ape’s. 

In the idiot woman the forms of the convolutions are scarcely traceable at any part 
of the intracranial cast, excepting some slight undulations about the frontal region. In 
the idiot boy they are remarkably distinct on the parietal regions, whilst the frontal and 
occipital regions are perfectly smooth. Gbatiolbt regards this marking of the cra- 
nium by the convolutions as a sign of inferiority or degradation. This would appear 
to be, to a certain extent, an individual character, as it is not noticeable in the idiot 
woman. 
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d. The Fissures, Lobes, and Coi\volutions of the Idiots' Cerehra. 

The Mssures. — Thefismre q/* Sylvius (Plates XXL & XXII. figs. 12 & 16, e-e) is not 
only absolutely, but relatively short, measuring 1*3 of an inch in the idiot woman, and 
1*1 in the idiot boy. In both brains it is comparatively shallow. In the idiot woman 
its direction is nearly vertical ; in the idiot boy it is more oblique, being pressed back 
by the large parietal lobe. Its posterior margin is well defined ; but the anterior mar- 
gin in the idiot boy, on the left side, is interrupted, and gives off a long branch towards 
the vertex. At the entrance of the fissure in the idiot woman is seen a slight elongated 
ridge, whic^ runs transversely inwards and joins the feebly developed eminence (C) 
which represents the island of Reil ; in the idiot boy this ridge is very narrow, and there 
is scarcely any insular eminence. In the idiot woman its upper end is simple on the 
left side, slightly bifurcated on the right ; in the idiot boy it is more deeply bifurcated 
on the two sides. 

The fissure q/" Rolando (Plates XXI. & XXII. figs. 10, 12, 14, & 16, d-d), in both 
these brains, is better marked on the right hemi§phere. In the female idiot, on that 
side, it forms a simple sulcus, commencing, by a slight curve, in front of the Sylvian 
fissure, and then running, less obliquely than usual, backwards towards the longitudinal 
fissure. On the left side, the symmetry of this fissure is interfered with, in a remark- 
able manner, in both brains, by the upward intrusion of a triangular convolution, which 
appears to be the rudiment of the intended perfect anterior border of the fissure. In 
the idiot boy, on the right side, the anterior margin of this fissure is also irregular. 

It may be noticed, then, thus early, in our examination of the cerebral surface of the 
idiots’ brains, that they are at once distinguishable from the quadrumanous brains, and 
assert, even in their imperfect condition, their human character by an absence of sym- 
metry in primary fissures and convolutions, so nearly symmetrical in the highest Apes. 

The external perpendicular fissure (Plates XXI. & XXII. figs. 10 & 14, h) can be 
traced, in the case of the idiot woman, on each side for ’75 of an inch on to the surface 
of the hemisphere, defining accurately the parietal from the occipital lobe. It then 
divides into two deep sulci, the hinder one being the continuation of the fissure, which 
is not prolonged over the side of the hemisphere. In the idiot boy the external per- 
pendicular fissure cannot be traced so far outwards from the longitudinal fissure, being 
sooner interrupted by the connecting convolutions. 

Thi^ great parallel fissure (Plates XXI. & XXII. figs. 12 & 16, f-f) of the tem- 
poral lobe is well marked in the idiot woman’s brain, running at first nearly vertically, 
and then backwards on the occipital lobe. It is of unequal extent on the two sides of 
the brain, reaching, on the right side, completely to the posterior border of the occi- 
pital lobe. It presents a curious wavy course. In the idiot boy this fissure is not 
quite so extensive, aqfl ends, on both sides, further forward on the occipital lobe ; on 
the left side it presents a simpler outline than on the right. 

On the internal surface of the hemispheres, the calloso-marginal or frontoparietal 
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Jisaure (Plates XXI. & XXII. figs. 13 & 17, *-i), in the idiot woman, curves as usual 
around the corpus callosum, but sooner reaches the upper border of the hemii^here, 
a little short of the hinder margin of that commissure. It is interrupted, as usual, by a 
convolution (#) just above the front of the corpus callosum. In the idiot boy’s brain this 
fissure has a similar course, and is also interrupted (*) immediately in front of the corpus 
callosum ; but it reaches the upper border of the hemisphere opposite the hinder end 
of the corpus callosum. Tliis fissure is nearly symmetrical, in both idiots, on the two 
sides. 

The internal perpendicular Jissure {k) in the idiot woman is short and simple, and 
inclines backwards from a point about half an inch behind the corpus Callosum; it 
joins the fissure of the hippocampi below, but a rudimentary connecting convolution 
exists in this situation. In the idiot boy this fissure has precisely the same arrange- 
ment 

The Jissxire of the hippocampi (Plates XXI. & XXII. figs. 13 & 17, m), in both 

brains, is less horizontal than usual. In the idiot woman its calcarine portion (fig. 13, 1) 
terminates on the very point of the 'occipital lobe, in an open notch. On the right 
hemisphere, its anterior portion passes, as usual, a short distance beneath the cerebral 
peduncle ; but on the left side it curves outwards on the under surface of the temporal 
lobe, and joins a deep sulcus which represents an irregular collateral fissure. In the idiot 
boy, on the left side, the fissure of the hippocampi is simple in outline and oblique in 
direction, reaches the tip of the occipital lobe, and extends forwards to* the side of the 
cerebral peduncle. On the right side this fissure is represented by two deep parallel 
sulci (fig. 17, /-Z), separated by a thin ridge (ae) of convolutional substance. A further 
development of the convolutions above and below would have concealed this ridge, and 
left a single fissure. 

The collateral Jissure (Plate XXII. fig, 17, is normal but simple in both idiots, 
except, as above alluded to, on the left hemisphere in the idiot woman. 

.V, 

On comparing the fissures of the idiots’ brains with those of the healthy human brain 
on the one hand, and those of the Chimpanzee on the other, the following points deserve 
notice. The Sylvian fissure is both shorter and much more vertical in the idiots’ than in 
either the human or quadrumanous brain, owing evidently to the defective development 
of the fronto-parietal region of the cerebrum in its ordinary backward direction, and 
to the disproportionate size of the temporal region. In respect to the former region, 
the idiots’ brains manifest a marked inferiority even to the Ape ; for, whilst the masses of 
brain seen on the lateral aspect in the Chimpanzee, in front of and behind the Sylvian 
fissure, appear nearly equal, or even show a preponderance in front, in the idiots’ braids 
the quantity in front is only about half the quantity behind. In the healthy human 
brain, the preponderance is decidedly in the fronto-parietal region. The fissure of 
Rolando, so complex and zigzag in the healthy human brain, is in the idiots’ brains, 
even on the side where it is most clearly traceable, a simple oblique sulcus, a little 
curved at its outer end, where, like the Sylvian fissure, and for the same reason, it is 
MDCCCLZIV. 4 B 
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more vertical than in the healthy cerebrum. The angle formed by the two fissures of 
Rolando posteriorly is a little more acute than in the perfect bmin, owing to the 
narrownes of the brain in front of them. Tliese fissures are far more simple in the 
idiots than in the highest Apes. 

The external perpendicular fissure is traceable further on the upper surface of the 
cerebrum than in the perfect state, but cannot l)e-followed at all on the lateral aspects 
of the hemispheres as in the quadrumanous brain. 

Assuming the total length of each cerebrum to be 100, the relative lengths of the 
three regions, in front of the fissure of Rolando, between it and the external perpen- 
dicular fissure, and behind that fissure, when seen from above are in the preserved 
brain of the idiot woman about 40, 30, and 24 ; in the idiot boy 38, 34, and 28. In 
the healthy brain, the proportionate dimensions of these regions are 64, 23, 23. Mea- 
sured longitudinally over the vertex in the cranial casts, the same regions occupy the 
following relative spaces : in tlie idiot woman, 46, 29, 24 ; in the idiot boy, 42, 32, 26 ; 
in the healthy brain, 54, 23, 23. In both idiots the frontal region is therefore strikingly 
defective, the parietal region is proportionally increased, whilst the occipital region 
exceeds somewhat the healthy ratio. The frontal region is larger in the idiot woman, 
the parietal and occipital regions are larger in the boy. The preponderance of the 
parietal region in the boy is very remarkable. In the Chimpanzee, the corresponding 
spaces are 46, 28, and 26 ; so that the idiot woman presents nearly similar proportions ; 
whilst in the idiot boy tlie frontal region still exhibits a marked deficiency ; whilst the 
parietal region is in exactly corresponding excess, and the occipital region equal. 

The parallel fissure is at first more vertical, and extends further back than in the per- 
fect brain. The internal perpendicular fissure, short and simple in its course, still 
approaches the human type in its inclination backwards, contrasting very remarkably 
with its vertical direction in the Ape. The fissure of the hippocampi is less horizontal 
than in the perfect brain, slanting upwards behind, in accordance with the want of 
depth in the occipital lobe — in this respect approaching the quadrumanous character. 
In fhe idiot woman, on the left side, this fissure is anomalous in its junction with the 
collateral fissure, which is elsewhere regular. , 

The Lobes . — Considered as defined by the several fissures, and compared with the per- 
fect brain, the frontal lobes (Plates XXI. & XXII. F), in both idiots, are remarkably 
contracted both in length, in width, and in vertical height, being very short, pointed^ 
and shallow, especially in the idiot boy. The parietal lobe (P) is defective in the 
antero-posterior direction in the idiot woman, and in the transverse direction in the idiot 
boy; whilst it is comparatively long in the boy, and wide in the woman. The occipital 
lobe (0) is much and equally Contracted in the two, especially in its vertical measure- 
ment. The temporal lobes (T) are larger proportionaflUy than any other part of the 
cerebrum, and are fuller and rounder in the idiot woman than in the idiot boy. The. 
central lobe, or island of Rbil (C), lies on the surface, but is slightly developed in the 
idiot woman, and scarcely recognisable as an eminence in the idiot boy. As regards 
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mass, the temporo-parietal region predominates in both brains, whilst the occipital and, 
especially, the frontal are defective. 

Contrasting the idiots’ brains with the Orang-outang’s or the Chimpanzee’s brain, the 
frontal lobe is still small, especially in the idiot boy ; the parietal lobe occupies, on the 
whole, proportionally a larger space, whilst the occipital lobe occupies less. The tem- 
poral lobes are relatively much larger and fuller, but shorter than in the Chimpanzee’s 
brain. The central lobe is much less developed ; for in the Chimpanzee this part, com- 
pletely concealed as in Man, has five radiating convolutions ; whilst in the idiot woman’s 
brain it consists only of a slight smooth eminence ; and in the idiot boy no very distinct 
elevation of the surface can be detected. 

TAe Convohetfons . — ^Thc orbital convolutions (Plates XXI. & XXII. figs. 11 & 15, 
are remarkably simple, being only slightly marked off from oile another, and very 
smooth. In the idiot woman’s brain (Plate XXI. fig. 11), the sulci which lodged the 
olfactory nerves are very short and shallow, especiiilly that (o) on tho left hemisphere ; they 
are represented in the idiot boy’s brain (Plate XXII. fig. 15) by a slight linear depres- 
sion only on the right hemisphere, and a still smaller depression on the left The deep 
triradiate sulci which cut up the orbital surfaces in the perfect cerebrum in so complex 
a manner, are much simplified in both the idiots’ brains ; they are more developed in the 
woman’s than in the boy’s brain, and in both cases are more developed on the right 
than on the left hemisphere. On the right hemisphere of the female idiot brain alone 
is this sulcus distinctly triradiate ; on the left hemisphere it is more irregular. In the 
idiot boy it is rep’resented on the right by a shallow longitudinal sulcus, on the left by 
a slightly curved one. Accordingly the orbital surfaces are much less complex and 
smoother even than in the Ape ; at the same time, with all their simplicity, the want 
of symmetry of the two sides is remarkable. 

The three rows oi frontal convolutions (Plates XXI. & XXII. figs. 10, 12, 14 & 16) 
can be distinguished on each side, above the orbital border, in both the idiots’ brains. In 
the idiot woman (figs. 10 & 12), the inferior row{i) is represented by a short, simple, 
horizontal convolution, which speedily joins the anterior ascending convolution behind 
and the middle frontal row in front. This middle rou) (a) consists likewise of a single 
convolution bent once outwards. The upper row ( %), as usual, lai^er and more complex 
than the others, occupies half the frontal lobe, but is still remarkably simple in form. 
The upper frontal row, as ordinarily, blends with the upper end of the anterior ascend- 
ing parietal convolution ; the middle row is joined to that convolution near its lower 
end, by the same connecting ridge as the third row. In the idiot boy (figs. 14 & 16) 
mtiQ three rows can be distinguished, but are still more simple in their form and direc- 
tion. The three rows are more equally developed, the inferior row being relatively well 
pronounced, giving a proportiontil breadth and squareness to that part only of £he frontal 
lobe, not noticeable in the female brain. Easily discriminated in the idiots’ brains, 
both as to their position and connexions, chiefly owing to their great simplicity, these 
'frontal convolutions are singularly short and defective as compared with their wonders 

4 B 2 
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fully tortuous and complex character in the perfect brain. In comparison even with the 
Orang’s (Plate XXllI. fig. 20) or Chimpanzee’s brain, they are far more simple. They 
are rather better developed in the idiot woman than in the boy. 

The two ascending parietal convolutions ' XXI. & XXII. figs. 10, 12, 14 & 16, 
4^&5_5) commence, in both idiots, very far forward on the cerebrum, just above the 
entrance to the Sylvian fissure, instead of, as in the perfect human brain and in the 
higher Apes, a little in front of the middle of that fissure ; they thus resemble the con- 
dition found in Cercopithecus and other similar Quadrumana. In the perfect hum^n 
brain these ascending convolutions, as pointed out by Gratiolet, are interjjosed between 
an anterior and a posterior set of longitudinal ones, which occupy the rest of the cere- 
brum — the portions in front and behind the slanting line of the ascending convolu- 
tions being nearly equal, the occipital region preponderating slightly. On the other 
hand, in the idiots’ brains the portion in front of these ascending convolutions, as seen 
either laterally or from above, is by far the smaller; indeed it is not o. fourth as lai*go 
as that behind. In the Orang and Chimpanzee it is about one-third. (Compare Plates 
XX. & XXIII. figs. 7, 18, 19 & 20.) 

As usual, these ascending parietal convolutions arise from the supramarginal convo- 
lution, which unites them below the outer end of the fissure of Kolando. In the idiot 
woman, on the right side, where the fissure of Rolando is a simple sulcus, the two 
ascending parietal convolutions are also simple, forming two oblique ridges instead of 
the zigzag bands seen in the perfect human brain. On the left side, the anterior con- 
volution is represented partly by the intrusive triangular mass ( v) before spoken of, as if 
by an arrest of development. In the idiot boy it is curious that the same condition exists 
on the same side of the cerebrum, whilst on tlie right side the anterior ascending con- 
volution is developing itself, as it were, into its more perfect but still simple form of an 
even oblique ridge. The symmetry between the two sides is thus again effectually de- 
stroyed in both brains. In both the idiots’ brains, as usual, the anterior ascending panir 
etal convolution { joins, or would have joined, at its upper end, the upper frontal row, 
whilst the posterior convolution (s-s) expands into its socailcd lobule (sz-sf), which is pro- 
portionally large, has its customary lozenge-shape, and extends backwards to the exter- 
nal perpendicular fissure (h). In tfie idiot woman (Plate XXI. fig. 10), on the left side, 
this lobule is notched by a single deep sulcus running from the longitudinal fissure ; on 
the right side it has this sulcus placed furtlier forwards, and another slight triradiate one 
besides, but its surface is remarkably smooth in comparison with its complex form in the 
perfect brain, or even in the Orang (Plate XXIII. fig. 20) or Chimpanzee. In the idiot 
boy’s brain (Plate XXII. fig. 14) the lobule of the posterior ascending parietal convo- 
lution is on both sides proportionally larger, and Slightly more complex in form, in 
accordance with the greater development of the parietal region in the idiot boy. In both 
the idiots’ brains the outer border and angles of the lobule are distinctly defined on the 
left hemisphere, whilst on the right hemisphere it blends at the outer border with the 
neighbouring convolutions — that is to say, with the lobule of the supramarginal convd- 
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lution (a), the bent convolution ( « ), and the second connecting convolution (|3). This 
better definition of the lobule of the left side, it is worthy of remark, is not uncommon 
in perfect European brains. In the Bushwoman’s brain, too (Plate XVII. fig. 1), 
described in the first part of this paper, the lobule in question is better defined on the 
left than on the right hemisphere. In the brains of the higher Apes (Plate XXIII. 
fig. 20) the parts are more nearly symmetrical ; so that in this region again the idiots’ 
brains manifest the human want of symmetry. 

*In both the idiots’ brains the Sylvian fissure is so short that the supramarginal convo 
lution (4ff-5w), its so-called lobule (a), and the bent eonvolution (e) are all three necessarily 
very small, and, indeed, are represented only by a simple convolutional band, turning 
round the front and upper end of the nearly vortical or slightly oblique Sylvian fissure. 
Nothing can show more . clearly the fundamental unity of these parts, especially of the 
supramarginal convolution and its so-called lobule; whilst the bent convolution is a 
sort of connecting convolution between the supramarginal and one of,the temporal con- 
volutions. Thus understood, the very short supramarginal convolution ultimately joins, 
in both idiots, the lower frontal row anteriorly. In the idiot woman it sends downwards 
and inwards a short process to the transverse smooth eminence, lying partly exposed at 
the entrance of the Sylvian fissure, which expands into the rudimentary central lobe^ or 
island of Keil (C). In the idiot boy this process is a mere ridge, and the eminence 
itself is not distinctly recognizable. The so-called convolutions of the island of Reil, or 
central lobe, are absent, even in the idiot woman, whilst in the idiot boy a plain indi- 
stinctly elevated surface occupies its usual situation. 

The supramarginal lobule (a), if defined to be a largely developed part of the convo- 
lution so named, overhanging the Sylvian fissure and helping to depress its hinder end, is 
certainly absent in both the idiots’ brains ; but it is doubtless really represented by the 
part of the supramarginal convolution just in front of the hindmost bifurcation of the 
upper end of the Sylvian fissure. The structure of this part of the idiots’ brains is exceed** 
ingly simple, as simple indeed as in the Cercopithecus, far simpler than in the higher 
Apes (Plate XXIII. fig. 20). It is smaller and more simple in the idiot woman than in the 
idiot boy, is larger in both on the right than on the left side, and is largest on the right 
side in the idiot boy. In the idiot woman the supramarginal lobule is connected, on the 
right side, with the lobule of the posterior ascending paVietal convolution, and also with 
the second external connecting convolution ; on the left side only with the latter. In 
the idiot b^y it is, on both sides, connected only with the latter, but by a larger and 
more tortuous band. 

The bent convolution (Plates XXI. & XXII. figs. 10, 12, 14 & 16, a), turning, as usual, 
behind the summit of the Sylvian filsure, is connected posteriorly, in both the idiots’ brains, 
with the second connecting convolution, and joins below the upper external temporal or 
inframarginal convolution (Plates XXI. & XXII. figs. 12 & 14, 7 ), instead of being sepa- 
rated from that by a secondary sulcus and running between it and the middle external 
-temporal (•); this peculiarity is found only in the simplest quadrumanous brains, and 
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indicates a very great degree of simplicity in the idiots’ brains.. The bent convoTution 
itself, also, is very edmple and symmetrical. The two correspond, in both brains, to the 
most prominent parts of the parietal regions, and therefore to the widest part of the cere- 
brum, lying beneath the parietal eminences of the skull ; whereas in the perfect human 
brain it is the large and peculiar supramarginal lobule which occupies this post. 

The temporal convolutims (Plates XXI. & XXII. figs. 12 & 16) in both the idiots’ 
brains are simple in form, but large, and, indeed, in the female enormously developed. On 
both sides in the latter (Plate XXI. fig. 12) the middle temporal (s-s) is the largest, tJe 
upper temporal or hiframarriwal (--;) is the next in size, whilst the lower temporal (p-s) 
is rather more moderate in size. In tlie idiot boy (Plate XXII. fig. 16), on both sides, 
the middle temporal is still the largest, but the difference is not so marked. In both 
brains there is a want of symmetry in the convolutions of the two sides, those of the 
right side being bounded by more tortuous furrows, and having a few secondary sulci ; 
whilst on the leftnside they are nearly smooth. They are all continued backwards into 
the diminutive occipital lobe by simpk*, but, in the woman, ser^^entine connecting con- 
volutions. 

The occipital lobe is so small in both idiots, and so slightly marked by rudimentary 
sulci, that its three ordinary stages or rows (Plates XXI. & XXII. figs.l2,l4&16,io,ii,n) 
can scarcely be separately recognized ; but it may be described as consisting of a shallow, 
smooth edge of cerebral substance, so blended on the outer side with the second, third, 
and lowest external connecting convolutions, and on its under side with the internal tem- 
poral, as almost to lose its identity in tliose aspects, and to appear like a mere narrow 
continuation backwards of the temporal lobe itself. It is defined only on its inner bor- 
der, and for a short distance on its upper surface. 

uThe upper external connecting convolution in the idiot woman (Plate XXI. fig. 10, a) 
does not completely bridge over the external perpendicular fissure on either side, hut 
ft more nearly superficial throughout on the right hemisphere ; in the idiot boy (Plate 
XXII. fig. 14, a) this convolution dips downwards into the internal perpendicular fissure, 
becoming partly concealed on both sides. In the perfect brain (Plate XX. fig. 7) it is 
quite superficial throughout. In the female idiot, on the left side, the second connecting 
convolution (Plate XXL fig. 10, /3-/3) is massive and double, one part ending in the bent 
convolution, and the other in the upper temporal ; the third (y) ends in the middle tem- 
poral, and the lowest one (i) both in that and the lower temporal ; on the right side 
the second, also double and very tortuous, runs by its upper part into the paj^ctal lobule 
and the supramarginal lobule, and by its lower part into the upper temporal, whilst^the 
third and fourth are blended, and end in the middle and lower temporal. In the idiot 
boy (Plate XXII. fig. 14), on the left side, the secon(^*connecting convolution (/3-]3), very 
broad and tortuous, rups into the bent convolution, the upper temporal, and the middle 
temporal ; the third (y) and fourth (J) connecting convolutions join the middle and lower 
temporal ; on the right side they are more tortuous, and serve to connect the same parts, 
the second one also joining the parietal lobule. In both idiots the second (/3), thkd, 
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and ftwest external coijnecting convolutions, though broad and superficial (the second 
being especially massive), are so simple, in comparison with their singular complexity 
and extraordinary tortuosity in the perfect brain, as to form mere bands between the 
temporal and occipital lobes. Nevertheless this part of the brain, more deeply furrowed 
in the woman than in the boy, but larger from before backwards in the boy than in the 
woman, is relatively well developed, and has perfectly human characters ; for all four 
connecting convolutions exist, instead of there being defects in one or other of the two 
upper ones, as is found in the higher Apes. They are also, as seen above, singularly 
asymmetrical. 

On the inner surface of the hemisphere the margiTial cmwluticm (Plates XXI. 
& XXII. figs. 13 & 17, 17 - 17 ) pursues its usual course, and terminates just behind the 
upper ends of the two ascending parietal convolutions. Like tiiese convolutions, and 
owing also to a defective development backwards of the frontal lobe, it does not extend 
so far back as in the perfect brain, but, becoming very narrow, stops, ii\ the idiot woman, 
on the left side (Plate XXI. fig. 13) at a point opposite the hinder border of the corpus 
callosum (c), on the right side somewhat short of that point. In the idiot boy (Plate 
XXII. fig. 17) it is on both sides arrested at a point a little in front of the hinder border 
of the corpus callosum. In the idiot woman, instead of the numerous radiating secondary 
sulci which in the perfect state cut up this convolution into little quadrangular lobes, 
only two or three such sulci exist, passing horizontally forwards in front of the corpus 
callosum ; below the anterior border of the corpus callosum is another rudimentary lon- 
gitudinal sulcus, and a little depression indicative of a second ; above the corpus callo- 
sum this marginal convolution is joined, as usual (*), to the convolution of the corpus 
callosum (kj-is), and then becomes very wide, and faintly marked with a slight depres- 
sion. In the idiot boy’s brain the same description would suffice. In both brains its 
forms and subdivisions, simple as they are, imitate closely its general features in the per- 
fect state, but are wanting in complexity. As compared with its condition in the Apes, 
it is less uniform in width, and far less frequently subdivided by secondary sulci. 

The convolution of the corpus callosum (Plates XXI. & XXII. figs. 13 & 17, is-is) occu- 
pies its customary position around that commissure, but differs from its condition in the 
perfect brain by the absolute smoothness of its surface and the absence of the peculiar 
crest-like upper margin posteriorly. It is equally smooth in both the idiots’ brains. Its 
surface is more complex in the higher Apes. In the idiots’ brains the marginal convo- 
lution (17) greatly exceeds in width the subjacent convolution of the corpus callosum (w), 
espeiially in the region in front of and below the corpus callosum — a character well 
marked also in the perfect European brain— whereas in the Ape the proportionate space 
occupied by the two convolutions isT nearly equal. The connecting bridge of convolu- 
tional substance (♦) passing from one to the other in both the idiots’ brains, on both- 
hemispheresytis usually present also in the human brain, but not in the brains of the 
higher Apes. 

The quadrilateral lohule in both the idiots’ brains (Plates XXI. & XXII. figs. 13 
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& 17, i8/-i8f), the prolongation upwards and backwards of the ^callosal convolutSn, is, 
owing to the deficient development of itself and of the portions of the cerebrum in front 
and behind it, less cofiipressed than in the perfect state, ^o that it has a roundish and not 
angular outline, aad forms a perfectly smooth, bent or knee-like, and not quadrate lobule, 
ascending in front of the internal perpendicular fissure {k). Though thus rudimentary 
and smooth, it has the oblique direction backwards characteristic of this part in the 
human brain, and not the nearly vertical position which it exliibits in the Apes. Indeed 
the angle which its posterior border, bounding the internal perpendicular fissure, forms 
in both idiots with a /base line passing through the corpus callosum is nearly 145®, i. e. 
greater than in the perfect brain, owing probably to the very scanty development of the 
occipital lobule behind it. 

Th£ triangular ocdpual lobule (Plates XXI. & XXII. figs. 13 & 17, as), like the qua- 
drilateral lobule, is so feebly developed in both the idiots’ brains, that it does not appear 
to fit closely in between the parts in front and behind it, but forms a mere ridge of 
cerebral substance, widening as it passes from below upwards and backwards to the tip 
of the occipital lobe, interposed between the internal perpendicular fissure {k) and the 
posterior part (/) of the fissure of the hippocampi. This simple, smooth, but slightly 
flexuous ridge takes the place then of the triangular and complexly cOn'^oluted lobule 
seen in the perfect brain. This condition coincides with the simplicity of the upper 
external connecting convolution, with the region of which this occipital lobule corre- 
sponds. It is far less developed than in the Apes. 

On the under surface of the idiots’ brains, the convolution of the corpus callosum 
(Plate XXII. fig. 17, is) is, as usual, continued beneath the cerebral peduncle by a ridge 
of cerebral matter (#) into the middle internal temporal convolution, or uncinate convolu- 
tion (19). This connecting ridge is proportionally wider than in the perfect cerebrum ; 
it is said by Geatiolet to be peculiar to the human brain ; it certainly does not exist in 
every Chimpanzee’s brain, though it is met with again in lower Quadrumana. 

Of the internal temporal convolutions, the upper, or dentate convolution, is very narrow, 
and on neither idiot’s brain can the fascia dentata be traced. In the idiot woman, how- 
ever, the parts are much damaged here, and in the idiot boy somewhat injured also. 
The middle internal temporal convolution. (Plate XXII. fig. 17, 19), ending anteriorly in 
the unciform lobule { 191 ), is proportionally well developed. On the right hemisphere of 
the idiot woman’s brain, the unciform termination, or crochet, is well marked ; on the 
left hemisphere this convolution is much narrower, and the crochet scarcely recognizable. 
In the boy this convolution is very broad on both sides, and the crochet neatly de^ed, 
though small. The lower internal temporal convolution (»-9), which is the same as the 
lower external one, is also well marked. On both sides these two last-named convolu- 
tions are proportionally more simple than in the perfect human brain, or even than in 
the higher Apes. They are continued, as usual, backwards into the occipital lobe, and, 
owing to the imperfect development of that lobe, seem to extend almost to its tip. 
They are broader in the idiot boy. 
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It^has already been stated that within the double fissure of the hippocampi, in 
the right hemisphere, in the idiot boy’s brain (Plate XXII. fig. 17, W), there is pre- 
sent a projecting ridge of cerebral substance (m), which appears to be the analogue of 
the cdtcarine lobule, described by Mr. Flower in the brains of Cercopitheeus, Macacus, 
and Cebus, but which is absent in the highest and lowest Quadrumana. It is not pre- 
sent on the left side of the idiot boy’s brain, nor on either side in the idiot woman’s 
brain. In the perfect human brain, I have sometimes found it as a superficial ridge 
extending along the posterior two-thirds of the fissure, sometimes as a well-marked 
concealed ridge ; sometimes it is altogether absent. It is continuous backwards with 
the lowest occipital convolutions. 

The lower internal connecting convolution (Plate XII. fig. 17, i) is feebly represented 
in both idiots, being, as usual, concealed in the idiot woman, but superficial in the idiot 
boy ; the upper one is absent, as usual, in both idiots. 

In the preceding account of the cerebral convolutions in the idiots’ brains, constant 
comparisons have been made between them and the perfect brain, between the brains 
of the one and the other idiot, and between both and the brains of the higher Apes. 
Notwithstanding, it is necessary to state some further general conclusions from the 
facts above recorded. 

1. In the first place it is obvious that the idiots’ cerebra are not merely diminutive 
brains possessing every convolution, both primary and secondary, proper to the perfect 
human cerebrum, each having its natural shape, proportion and position, though on a 
diminished scale ; but, on the contrary, that they are profoundly modified in their con- 
volutional forms, which are not merely smaller in bulk, but are fewer in number, of 
simpler shape, and different in proportion and position, as compared with those of the 
perfect cerebrum. 

2. Nevertheless all the primary and connecting convolutions belonging to the perfect 
cerebrum are represented by definite corresponding parts in these brains, mostly by 
actual convolutional foldings of the cerebral substance of a comparatively more simple 
kind, but sometimes by scarcely convoluted, or even by entirely smooth though slightly 
elevated portions of the cerebral substance. 

3. The parts which can be easily detected as actual convolutions in the idiots’ brains 
are the three frontal rows, the two ascending parietal convolutions, with the lobule of 
the posterior one, the supramarginal and bent convolutions, the external and internal 
temporal convolutions, the marginal and callosal convolutions on the inner surface, with 
the Auadiilateral and occipital lobules, and all the connecting convolutions proper to 
the human cerebrum. The parts which are less easily distinguished are the orbital 
convolutions and, especially, the three rows of occipital convolutions. The central lobe, 
or island of Beil, , is distinguishable, as a distinct smooth eminence, in the idiot woman, 
but only as < a smooth indistinctly elevated surface in the idiot boy. In neither does 
there exist such an expansion of the supramarginal convolution as would form a pro-, 
minent supramarginal lobule, a part so characteristically human. 

HOCCxjLZiy. 4 c 
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On the whole, the temporal convolutions, in both brains, are the boldest and best 
marked ; then the convolutions of the parietal lobes, especially in the idiot boy ; next 
stand the connecting convolutions and frontal rows, and those of the inner surface; 
afterwards the orbital and occipital convolutions ; and lastly the island of Rsil. 

4. On contrasting the idiots’ brains with one another, the convolutions generally are 
seen to be decidedly more developed in the idiot woman than in the idiot boy — ^the 
marked exception being in the parietal region of the latter, where the lobule of the 
posterior ascending parietal convolution, the supramarginal convolution on the left side, 
the bent convolution, and the adjacent second external connecting convolution are more 
ftiUy developed. 

5. Agreeably to the opinions already expressed by other anatomists in regard to 
similar examples, the condition of the cerebra in these two idiots is neither the result 
of atrophy, nor of a mere arrest of growth, but consists essentially in an imperfect 
evolution of the cerebral hemispheres or their parts, dependent on an arrest of 

ment {aginim, asth^ie-ghiie) occurring at some stage or other of their metamorphosis 
from a simpler to a higher form. 

6. On comparing the condition of the cerebral convolutions of these brains with the 
representations of the brains of two foetuses at about and 7 months, published by 
Lbubet and Ghatiolet*, it would appear that in both idiots the convolutions are 
more complex than in the former, but less so than in the latter foetus. From this, one 
might hastily suppose that in both idiots the development of the convolutions, and 
indeed of the entire cerebra, had been arrested in the latter part of the seventh month 
of intra-uterine life; those of the idiot boy a little earlier than those of the idiot 
woman. 

But on further reflection such a supposition docs not appear to be tenable, and it is 
not supported by facts. It necessarily assumes that, up to a certain period of develop- 
ment, the evolution of all the parts of the cerebrum had been normal in rate and in 
character ; whereas, in the first place, there is nothing at present to show why that rate 
may not, in such cases as these, be more or less retarded, so that any given stage is 
attained at a much later period than usual, and the ultimate condition of development 
be reached perhaps some time after birth ; and, in the second place, there is evidence in 
the brains themselves, of such a disproportionate development of parts as to prove that 
the normal character of the evolutional changes has been profoundly disturbed at some 
period or other, by at least one local departure from, or interference with the regular 
mode and order of development. 

A comparison of the size of the cerebellum and cerebrum in the idiots’ brains, and in 
the brain of a foetus at the seventh month, shows most strikingly that the development of 
the former organ had continued to progress long after the latter had experienced its final 
arrest ; but, what is more essential to the present inquiry, even within the idiots’ cerebra 
themselves there is proof that all the parts are not equally and normally developed. 

•Op. pi. 30. figs. 1, 2, 3; pi. 31. figs. 1, 2. 
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In the two foetal brains represented by Lbubbt and Gkitiolet, already alluded to, the 
parts in fix)nt of the fissure of Bolando, comprising the frontal lobe apd the so-called 
anterior ascending parietal convolution (which latter should, I think, be ’associated 
with the frontal region itself), form a far larger proportion of the entire cerebrum than 
they do in the idiots’ brains. In the brain of the human foetus between the fourth and 
fifth months (Plate XXIll. figs. 21 & 22), in which the fissure of Rolando (d^d), the 
great parallel temporal fissure (/*), and the perpendicular fissure (h) are clearly traceable, 
the same fact is well illustrated. In foetal brains at still earlier periods* the same thing 
is observable, whilst at later periods than the seventh month the parts in front of the 
fissure of Rolando become still longer in proportion to those behind it Indeed, in the 
normal course of development, there is no period at which the frontal part seems, as it 
were, to stand still, or retrograde relatively to the rest of the cerebrum ; but after once the 
fissure of Rolando is formed, there is a variable but progressive relative increase of the 
parts in front of that fissure. It is certain, therefore, that the frontal lobes of the idiots’ 
cerebra are not proportionally developed in comparison with the temporo-parietal regions. 
The same appears to me to be true likewise of the occipital lobe ; but we may confine 
the argument here to the defective state of the frontal lobes. 

Fully to appreciate the importance of the diminutive size of these last-named lobes, 
we must take into account certain facts to be hereafter stated in detail, regarding the 
internal structure of the cerebral hemispheres. The corpora striata in the idiots’ brains 
are very small ; not merely absolutely, but also relatively to the size of the optic thalami, 
the ordinary proportions between these two ganglia being actually reversed, the former 
being usually much larger than the latter, whilst in the idiots’ brains they are much 
smaller. Since in a series of normally developed foetuses the corpora striata, at all 
periods, form larger masses than the optic thalami, we have further evidence, within the 
idiots’ brains themselves, of the fact already announced of an irregular and dispropor- 
tionate development of their parts. There is, indeed, an obvious correspondence between 
the diminutive size of the corpora striata and that of the frontal lobes; whilst the 
relatively larger optic thalami are associated with a larger growth of the hinder portion, 
especially of the temporo-parietal regions. 

The conclusions which we would draw from the preceding fects are these : — First 
Instead of tlie idiots’ cerebra having been uniformly and normally developed up to a 
certain date (say the latter part of the seventh month), and having then been subjected 
to a g^eral cessation of development, they have experienced an inequality or irregu- 
larity of evolution in certain of their parts. Secondly. Whilst all parts have been more 
or less arrested, the frontal and occipital lobes have suffered more than the temporal 
and parietal. Thirdly. Whilst both the large ganglia at the base of the cerebrum 
(those cores or nuclei of the cerebral hemispheres, the corpora striata and optic thalami) 
have participated in this disturbance of the ordinary course and degree of evolution, 

* See Lxvset, toe, dt, pi. 29, ftom fig. 10 ; anil also Tieducajeiw, Anat. Bildungegeschiohte dee Gehirns. 
NSmberg, 1816. 
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the corpora striata have been more especially involved. Fourthly. The original vice of 
formation, in all probability, affected these two pairs of ganglia primarily; and this 
entailed, as a necessary consequence, an interrupted, irregular, defective, and perhaps 
retarded evolution of the convolutions of the hemispheres themselves. Fifthly. The 
primitive starting-point of the future idiotic condition dates from a period far earlier than 
that at which all further evolution ceases ; and in fact, as regards the optic thalami and, 
especially, the corpora striata, probably from a very early period of development indeed. 
This conclusion is obviously more acceptable to the physiologist (because more consistent 
with the radical deficiency in cerebral power manifested by idiots) than the supposition 
that the idiotic state should be due to a sudden arrest of a previously normal develop- 
ment at some later period of foetal life. Sixthly. The anatomical connexion which, by 
the comparison of these idiots’ brains with healthy foetal brains, has been shown to exist 
(in human brains, at least) between the development of the corpora striata and the frontal 
lobes, and the optic thalami and the temporal and parietal lobes, has a considerable 
general intetest, and probably has a physiological significance which may hereafter 
throw light on the functions of the convolutions of those several parts. Lastly. The 
deficiency in the corpora striata and the associated frontal lobes becomes particularly 
interesting when we reflect on the special connexion of those ganglia with the anterior 
or motor columns of the cord, and on their probable intimate concern in the execution of 
voluntary movements, i. e. in the mechanical expression by the body of those numerous 
acts which are the outward exponents of that important psychical faculty commonly 
designated “ the will.” Now, it is the inadequate performance or entire abrogation of 
those acts, whether locomotive, manipulative, or articulate, which constitutes one of the 
most striking characteristics of the idiotic state. 

7. It is impossible, in the present state of our knowledge, to determine the interesting 
question whether some parts of the idiots’ cerebra had imdergone, after the general 
arrest of ordinary morphological changes, further local development, as the result of 
use or ordinary training. 

8. There are, however, certain evident grounds for inferring that, after the cessation 
in these cerebra of all further evolutional changes, they experienced an increase of size, 
or a mere growth of their several parts. Thus the idiots’ cerebra are considerably larger 
than foetal cerebra in which the convolutional development is at a similar Vage; whilst 
the individual convolutions themselves, the same in number, are necessarily broader and 
deeper. Again, from Dr. Botd’s observations, it appears that in a certain number of 
foetuses prematurely bom, with an average height of 14 inches for males and 13*5 for 
females, whose brains would about correspond with the idiots’ degree of convolutional 
development, the average weight of the cerebrum in the former was 5*33 oz., and in the 
latter 4*42 oz. ; whereas, as we have seen, the idiot boy’s cerebrum weighed 6*86 oz., 
and the idiot woman’s 7*63 oz. The greatest difference is in the case of the woman, who 
lived to the adult age ; whilst the boy, it must be remembered, diqd at the age of 12. 

9. It has been shown that the. temporal region preponderates in the idiot woman, 
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the parietal in the idiot boy ; the frontal lobe is also relatively a little larger in the 
woman. There can be no doubt also that the emotions, intelligence, and voluntary power 
of the woman were in advance of those of the boy ; but at present it would be premature 
to attribute too much importance to these probably individual anatomical differences, or 
to endeavour to associate them with peculiarities of psychological endowment. 

10. On contrasting the cerebral convolutions of the two idiots’ brains with those of a 
female and male idiot, each four years of age, represented by Lkuebt*, there appears a 
very close and remarkable resemblance between them. There is the same paucity, sim- 
plicity, and breadth of the convolutions, the same deficiency in the frontal lobes, though 
in one of them (the second referred to in the foot-note) to a less degree. The details of 
the convolutions are also nearly similar ; but in some slight particulars they are superior 
to those of the idiot woman, and especially so to those of the boy. For example, in both, 
the anterior ascending parietal convolution has passed beyond the stage of an intrusive 
convolution to that of an oblique smooth ridge of cerebral substance. There are also 
more numerous secondary sulci in most regions of the cerebrum, and the^convolutions 
themselves are somewhat more tortuous. 

11. Lastly, on comparing the convolutions of the idiots’ cerebra with those of the 
Orang and Chimpanzee, they appear, in the human idiots, to be fewer in number than 
in the Apes, because, although the primary foldings correspond in each, they are indi- 
vidually less complex, broader, and smoother in the former than in the latter. In 
this respect the idiots’ brains are even more simple than the brain of the Gibbon, and 
approach that of the Baboon (Cynocephalus) and Sapajou (Ateles)f. 

As special and interesting results of this general simplicity of the primary convolu- 
tions, are the absence, as in the quadrumanous brains, of such a development of the 
supramarginal convolution as to constitute its so-called lobule, and the partial conceal- 
ment of the upper external connecting convolution, as well as the imperfect develop- 
ment of the anterior ascending parietal convolution, and the extreme simplicity of the 
bent convolution. Of these, the non-development of a distinct supramarginal lobule is 
the most interesting defect, since it indicates the late appearance in the brain of a part 
whose presence is regarded by Gratiolet as peculiarly characteristic of Man. 

On the other hand, the points of special difference between the idiots’ and the qua- 
drumanous brains, both general and particular, are even more numerous. First, as a 
general difference, there is a remarkable want of symmetry even in these imperfectly 
developed cerebra, as if already preparations were being made to establish that higher 
and almost exclusively human character ; this point has been so frequently exemplified 
in the previous descriptions that we may refer to them for abundant illustration of it. 
Secondly, the special differences, which likewise exhibit the decidedly human character, 
are the superficial position of all four of the external connecting convolutions ; the con- 
sequent speedy interruption of the external perpendicular fissure, and complete oblitera- 
tion of its posterior border or operculum ; the concealed position of the lower internal 

• Op. dt. pi. 24. fig. 4; pi. 82. figs. 1 to 6. 
t Gbaxioue, ph 4» flgs. Id; 2; pL 9. figs. Ift4j pi. 10. figs. Id; 2. 
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connecting convolution, and the absence of the upper one ; and lastly, the great breadth 
of the CiMinecting ridge which joins the callosal and uncinate convolutions. 

Although, therefore, so defective in developmental detail, these microcephalic cerebra 
are still human, and differ as much from the Ape’s cerebrum, or constitute as little an 
intermediate step towards it, as any other bodily defect in man is found to differ from 
a truly quadrumanous form, or manifest a serial approximation to it Just as in a case 
of webbed human fingers the digits are still human and not gorillarlike, and just as in 
the deformity named talipes valgus, though the foot is inverted and the weight of the 
body is supported on its outer border, still the member is human and not ape*like, so 
these brains, though simplified by defect, possess characteristics which distinguish them 
as imperfectly human yet not quadrumanous. The community of plan observable in 
the brains of all the Primates, including Man himself, necessitates a general conformity 
to that plan, even in these defective human brains ; but the special marks of human 
divergence fiom that plan have already been set upon them at some very early, probably 
at the earlieM moment of their development 

e. Internal Structure of the Idiots' Cerehra and Cerehella. The Comimmtres^ 

Cavities, Qangliomc Maeses, cmd Laminoe. 

Excluding the great fissures, the depth of the sulci (or, in other words, the prominence 
of the convolutions) in the idiots’ brains is greatest in the lateral temporal region, next 
in the frontal and parietal regions, and least in the occipital region, where many of the 
sulci are mere marks or notches. The average depth of the sulci is, in the idiot woman’s 
brain, *6 inch, in the idiot boy’s *4 inch. In the idiot boy the thickness of the grey 
matter in the recent brain varied between -j^ths and ^ths of an inch ; in the preserved 
brain it varies from ^(jths to ^ths of an inch, averaging T^ths. In the idiot woman it 
ranges between ^ths and -j^ths, averaging about -^ths ; in both brains it is, as usual, 
thickest in the frontal and parietal regions, and thinnest in the occipital. Unlike what 
is found in the Chimpanzee’s brain, the quantity of white matter in proportion to the 
grey is very large, in accordance, as we shall find, with the relatively full development 
of the transverse commissural system of fibres. 

The corpus callosum, in both the idiots* brains, is proportionally shorter though thicker 
than in the perfect human brain, but it is relatively longer than in the Chimpanzee. In 
the recent brain of the idiot boy it measures ‘76 inch long. Its length, greatest thickness, 
least thickness, and average thickness in the preserved brain of the idiot woman are 
46, 13, 6, and 7 thirtieths of an inch ; in the idiot boy 41, 7, 4, and 6 thirtieths of an 
inch. The sectiopal area of this part in the idiot woman is about f^ths of an inch, 
in the idiot boy only l^ths of an inch. Comparing these numbers with the area of 
the internal surface of one cerebral hemisphere, we find that in the idiot woman the 
ratio is as 1 to 13*3, in the idiot boy as 1 to 14*6, whereas in the perfect human brain 
the ratio is 1 to 12*5, and in the Ape as 1 to 28*5 ; so that in respect of the transverse 
commissural fibres of the corpus callosum, the idiots’ brainsf diminutive as they are, are 
truly human in their structure. The anterior and posterior commissures likewise are 
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well developed in both brains ; the soft commissure is very large in both. Of the longi- 
tudinal commissures the fornix is proportionally large ; the taenia semicircularis and 
striae longitudinales, very distinct in the boy, are also easily traceable in the woman. 
The septum lucidum and middle ventricle are small in both the idiots’ brains, the interval 
between the fornix and the corpus callosum being narrow. The lateral ventricles in 
both brains, in accordance with the restricted development of the frontal and occipital 
regions, are comparatively short and wide cavities. The general direction of the body 
of the ventricle is not parallel with the median line, but divergent outwards and back- 
wards — a condition owing evidently to the optic*thalamus being proportionally large, or 
at any rate well developed, whereas the corpus striatum is relatively very small, the 
eminence formed by it within the ventricle being short and naiTow, whilst the compara- 
tively large optic thalamus carries the back part of the body of the ventricle outwards. 
This part of the ventricle in the idiot woman’s brain measures 8*5 thirtieths of an inch ; 
the anterior cornu 4, the posterior cornu 8, and the descending cornu 9 thirtieths. In 
the idiot boy the same parts measure respectively 6, 2*6, 7*6, and 8 thirtietl^s of an inch ; 
the body of the ventricle is the|pfore in both cases shorter than in the perfect brain, 
being shorter in the idiot woman than in the idiot boy, the length of whose parietal 
region has already been noticed ; the anterior cornu is also proportionally short, parti- 
cularly so in the idiot boy ; the posterior cornu is likewise short but wide, directed 
almost immediately backwards in the idiot boy, but divergent outwards in a remarkable 
manner in the idiot woman. The thickness of cerebral substance, between the end of 
the posterior cornu and the hinder edge of the cerebrum, is disproportionally great, 
being *4 inch in the idiot woman and *7 in the idiot boy. In the idiot woman the 
divergent direction of the point of the cornu makes it impossible to compare its rela- 
tive proximity to the apex of the posterior lobe with that observed in ordinary brains ; 
in the idiot boy the distance from the point of the cornu to the end of the posterior 
lobe, viz. *7 inch, is more than one-fifth of the total length of the brain, whereas the 
ordinary proportion is about one-eighth. The descending cornu, in correspondence 
with the size of the temporal lobe, is well and equally developed in both the idiots’ brains. 
The hippocampus major is large and wide in form, and terminates in front in an 
expanded and slightly sulcated extremity. The hippocampus minor is very wide, though 
short, in both brains; in the idiot boy it is directed backwards, in accordance with the 
direction of the posterior horn ; whilst in the idiot woman it branches off outwards, in 
harmony with the divergent course of that cavity. The length of the hippocampus 
minor in the idiot woman is *8 inch, its greatest breadth *35 ; in the idiot boy the length 
is *5 inch, and the greatest breadth *3. The eminentia collateralis is distinctly visible 
in both brains. 

Measuring off the antero-median from the posterior portion of the cerebrum on 
Mr. Floweb’s method, the ratio between the former and the latter is, in the idiot 
woman, 100 to 62*2, in the idiot boy 100 to 61*9; so that the occipital region, as thus 
estimated, i. e. in its infeii|^ layers, is proportionally longer in the idiots’ brains than in 
the perfect brain, or even than in the Chimpanzee’s brain, in which the proportions are 
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100 to 53 and 100 to 52 respectively. This apparent relative increa!^ in the posterior 
portion of the brain should rather be interpreted as due to a comparatively undeveloped 
condition of the antero-median region. 

It has already been mentioned that the corpora striata are in both idiots’ brains very 
small, whilst the optic th alami are relatively large. The part of the corpus striatum 
seen in the left lateral ventricle is, in the idiot woman, *35 inch long and *15 inch 
wide ; in the idiot boy *25 inch long and *15 inch wide. The visible portion of the 
optic thalamus in the woman is *8 inch long by *3 inch wide, in the idiot boy *65 inch 
long by *4 inch wide. It has been previously noted that the large size of the optic 
thalamus corresponds with the great development of the temporo-parietail region in both 
the idiots’ brains, and the diminutive corpus striatum with the wasted form of the fix>ntal 
region ; but besides the mere relative size of the two ganglionic masses, another condi- 
tion doubtless concurs to produce this correspondence, viz. the relative number of the 
radiating fibres which spring from them to branch out into the corresponding parts of 
the hemisphere. The corpora quadrigemina are quite of proportional size to the rest of 
the brain in both idiots, the superior one being larger is usual The corpora geniculata 
are likewise well developed in both. In the idiot woman the corpora albicantia are 
separate but not prominent ; in the idiot boy the corpora albicantia are broad and some- 
what fused together. The pineal gland is proportionally large in the idiot woman ; 

. in the idiot boy it was not found, having probably been destroyed. The habenul© 
could not bo traced in either brain. The pituitary body in the idiot woman is very 
large ; in the idiot boy it has not been preserved, but the infundibulum is present and 
large. The cerebral peduncles in the idiot woman appear long and narrow, and the 
interval between them is deep ; in the idiot boy, on the other hand, they are broad 
and flat, and the interval between them is shallow. This may be due to elongation of 
the woman’s brain occurring as the effect of long suspension in spirit after complete 
removal of the membranes. 

In the preserved brains the pons Varolii is broader from before backwards in the idiot 
woman than in the idiot boy, measuring in the former nearly *6 inch deep, but only *5 
inch thick, in the latter only *4 inch deep and *5 inch thick : this appears remarkable, 
as the cerebellum of the boy is larger than the cerebellum of the woman. 

The medulla oblongata is large in both idiots : in the woman its greatest vridth is 
*7 inch, in the boy *6 inch ; its proportions to the entire width of the brain are as 1 to 
5*14 in the former and 1 to 5*3 in the latter, instead of 1 to 7, the normal ratio. The 
olivary bodies are large, but especially so in the idiot boy ; the grey matter in their inte- 
rior is folded, as usual. In other respects the medulla is normal. 

The cranial nerves, so far as can be judged from those which remain in the preparations, 
are of full size, and, indeed, large in proportion to the size of the cerebral mass. 

The Cerehellwin (Plates XXI. & XXII. flgs. 10—16, As already shown, this organ 
in both idiots, though more highly developed than the cerebrum, is still small, especially 
in the idiot womaii. All its parts, however, are present, tho%b more or less reduced in 
i^e and in complexity of structure. 
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In the idiot woman the hemispheres are proportionally large and well shaped, whilst 
the median portion is not quite so well developed. In the idiot boy the hemispheres 
are relatively larger, projecting laterally, and preponderating still more over the median 
portion. 

In the idiot woman the square lobe is normal in shape and proportions, the posterior 
superior lobe is narrow and shallow, the amygdala and biventral lobe are strikingly 
large ; the slender lobe is very small, the posterior superior lobe is, on the contrary, well 
developed ; the pyramid and uvula are prominent, but narrow ; the nodule is small ; the 
posterior velum is exceedingly thick ; the floccule is very small. In the idiot boy the 
square lobe is of ordLuary shape and proportions, the posterior superior lobe is wide and 
deep ; the amygdala, contrary to its condition in the idiot woman, is small, and partly 
concealed beneath the biventral lobe, which is large ; the slender lobe is of moderate 
size, and the posterior inferior lobe again large ; the pyramid, uvula, and nodule are 
small ; the posterior velum, as in the idiot woman, is exceedingly thick, suggesting the 
idea that it usually becomes attenuated as development advances; the floccules are 
small, but not so small as in the*female idiot. 

The middle peduncular (or transverse commissural) fibres are defective, not merely in 
comparison with the perfect organ, but also in relation to the size of the idiots’ cere- 
bella, especially considering the great development of their hemispheres. The oval 
surface occupied by the divided ends of these fibres, as seen on a median section through 
the pons, is shorter and much smaller than usual. In the idiot woman (Plate XXIII. 
fig. 25, j?) it measures *6 of an inch long by *325 inch wide, its sectional area being 
therefore *195 square inch, whilst in the idiot boy (fig. 26, p) the dimensions of the same 
part are *45 inch by *28 inch, and the sectional area *126 square inch. The idiot woman’s 
recent cerebellum having weighed 1*95 oz., and the idiot boy’s 2*25 oz., there would be 
to each ounce weight of that organ *1 square inch of commissure in the woman, and only 
•06 square inch in the idiot boy. The healthy proportion, as shown at a previous page, 
is *13 square inch. In this point of view, then, the cerebellum is very defective in both 
idiots, but especially in the idiot boy ; which is remarkable anatomically, since in him 
this organ is so much larger than in the woman. The imperfect gait and feeble power 
of control over the muscles generally, always associated with true idiocy, were noticeable 
in the case of both idiots ; and this might appear to be in part explicable, on the ordinary 
hypothesis that the cerebellum is concerned in coordinating the voluntary muscular move- 
ments, by the obvious deficiency in the bulk of that organ in both these cases ; but, on 
the other hand, the fact that the cerebellum is larger in the idiot boy, though his powers 
of locomotion were altogether absent, and though he could not handle anything, nor 
articulate any words, seems contradictory and inexplicable. Under these circumstances 
it is at least interesting to find that one of the cerebellar commissural systems of fibres 
is so much more deficient in him than in the idiot woman ; and whether we adopt the 
view that the oflice of the cerebellum is directly to coordinate the muscular movements, 
or that it indirectly aids in^^this coordination, by registering the various muscular sensa- 

MDCCCLZIV. 4 D 
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Hons indicative of the manifold conditions of the muscles, such a deficiency of these com- 
missural fibres may be equally supposed to interfere with the functions of the organ. 
In both idiots the inferior and superior peduncles likewise appear small ; but no exact 
computations could well be made concerning these parts. 

On counting the total number of laminae in the cerebellum of an idiot, Malacaenb 
found that they numbered only 324 ♦, whilst in a healthy cerebellum there were from 
700 to 780. In another case he found 362 laminaj, 240 on the upper surface, and 122 
on the under surfacef . It appears that he afterwards met with a third example, in 
which a similar deficiency in the number of the laminae was likewise noted 

For reasons already stated in describing the cerebellum of the Bushwoman, I have 
limited myself to counting the superficial laminae only of certain parts, and the deep and 
superficial ones of others. The following are the results. 


Superficial laminae only counted. 


» 

Median 

portion. 

Lateral parts. , 
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Idiot boy 

19 

14 

1 

11 

5 
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Superficial and deep laminae counted. 


• 

Modian portion. 

Lateral parts. 


Amygdala. 

Flooonle. 

Healthy brain 

37 = 28 + 9 

21 

18 

Idiot woman ...... 

25 = 17 + 8 

18 

8 

Idiot boy 

30 = 15 + 6 

11 

11 


The preceding numbers confirm the interesting observations made by Malacabne 
eighty years ago ; and it is to be noted that when both the superficial and deep laminae 
are counted, the difference between the healthy and idiots’ cerebellum is greater, and 
approaches more nearly the proportions shown by Malacaene’s numbers. The total 
number of superficial laminae counted is the same in both idiots, and their distribution 
in the several lobes is equal, with the exception of the posterior superior lobe, which 
has two more laminae in the idiot boy, and of the amygdala, which has two less. As 
compared with the healthy cerebellum, the greatest deficiency is in the square lobe ; the 

• Qp. cit. p. 7. t P. 226. ^ 

t C. Boknet, Paling^n^e Fhflosophiqiie, part 2, chap. It. vol. Tii. of his collected works in 4to. 
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next in the two posterior lobes, and the least in the amygdala. A loss in the slender 
lobe is balanced by a gain in the biventral. In the* median parts the whole of the 
laminsD are counted, and there is a more marked deficiency, as compared with the 
healthy condition, especially in the idiot boy. The fioccule, however, presents an excep- 
tion to this, being more complicated in him than in the woman. The laminse of the 
cerebellum in both idiots are not only fewer in number, but are shorter and narrower 
than in the healthy cerebellum. 

The corpus dentatum is represented merely by an elongated streak, difiering in colour 
and consistence froin the surrounding medullary substance, but presenting no indented 
outline, and no white mass in its interior. 

In a foetal brain the convolutions of whose cerebrum correspond with the idiot con- 
dition, the cerebellum is strikingly small, and would measure transversely not more than 
1*6 inch, whereas in the idiot woman its transverse diameter is 3’16 inches, and in the 
idiot boy 3 inches. At the same period of development the laminee visible on its under 
surface are only twenty in number, whilst in the same parts in the idiot woman there 
are thirty, and in the idiot boy twenty-eight. It is obvious, therefore, that in these 
idiots the cerebellum was not arrested in its development cotemporaneously with the 
cerebrum, but continued to increase greatly in size, and to undergo further changes of 
an evolutional character long after the cerebrum had ceased to be afiected in the latter 
way. At the same time, from the small relative size of the cerebellum to the body in 
both idiots as compared with the healthy standard at corresponding ages, from the un- 
doubted paucity, shortness, and naiTowness of its laminae, from the deficiency in its 
transverse commissural fibres, and from the ill-defined condition of its corpus dentatum, 
it had at length, as well as the cerebrum, succumbed from want of developmental 
energy. In other words, though more evolved than the idiots’ cerebra, the cerebella are 
still imperfectly developed. The date of their final arrest of development is uncertain; 
it was probably retarded to a period several years after birth ; it may be assumed to 
have corresponded with the condition attained by the healthy cerebellum at about the 
end of the second year of life. 

PosTSCKiPT. (August 6, 1863.) 

Since the preceding paper was written I have had opportunities of inspecting the 
exterior of two idiots’ brains in the Museum of St. Bartholomew’s Hospital, and of 
examining, besides a wax model and two drawings of an idiot’s brain, a most interesting 
series of models in wax of human foetal brains, from the second month to the full term, 
in the Anatomical Museum at Guy’s Hospital. 

a. Of the two idiots’ brains preserved at St. Bartholomews, the smaller one (Catalogue, 
Series A. 123) is that mentioned by Professor Owen as weighing 13 oz. 2 dr. avoirdur* 
pois*. It was the brain of a male idiot, aged 22. The larger brain (Series A. 121) 
was that of a female idiot; also aged 22. 

♦ Soe p. 627. 

4d2 



662 PEOFESSOE MAESHALL ON TUB BEAIN OF A BXTSHWOMAN; AND 


In both cerebra the fissures and convolutions are readily comparable with those of 
the idiots' brains of which an account is given in this paper, and so resemble them as 
to suggest a similarity in their mode of evolution. Like them, too, they present indi- 
vidual peculiarities, and a disproportional development of their component parts. In 
a few points they are more advanced than even the idiot woman’s brain described above. 
Jtn. examination of them serves to confirm in evei7 particular the explanations ventured 
upon in the preceding pages. The fissures present nothing remarkable ; but the convo- 
lutions require some notice. 

In the smaller or male brain (A. 123) the orbital convolutions are extremely simple, 
the triradiate sulcus being only a linear mark ; the frontal are very simple also ; both 
ascending parietals are preesnt on the right side, whilst on the left only the posterior 
one exists, but the intrusive convolution is seen largely ‘developed, forming nearly a 
complete anterior ascending convolution ; the parietal lobules arc plain, short, and wide ; 
the supramarginal and bent convolutions are simple, and there is no developed supra- 
marginal lobule ; the temporal are short and thick ; the occipital arc simple ; the external 
connecting jire very short. 

In the larger or female brain (A. 1 21) the orbital convolutions are not quite so rudi- 
mentary ; the frontal are large and few ; the two ascending parietals are present on both 
sides, but are plain narrow bands ; the parietal lobules are large, the left one being more 
defined than the right ; the supramarginal and bent convolutions are large, and so well 
formed as to remind one of the condition of the parts seen in the Orang’s brain, but 
there is no overhanging supramarginal lobule ; the temporal are very large, and espe- 
cially long; the occipital are broad, shallow, and coalesced; the external connecting 
are short and simple. 

The ridge leading to the island of Keil is prominent and exposed in the female brain, 
but not so much so in the other. Both brains exhibit in special details a decided want 
of symmetry. 

It is interesting to find that the variable conditions of the anterior ascending parietal 
convolution establish the correctness of the explanation given above of the ultimate 
conversion of the intrusive convolution into that g}’rus. It must not escape notice that, 
in the smaller or male brain, this intrusive convolution is again present on the left side, 
as in our idiot woman and idiot boy. The two brains, moreover, differ, not only in 
the parietal convolutions, but also in the orbital region, in the shape of the temporal 
lobes, and in other respects to be presently mentioned. There is evidence of a defective 
and therefore disproportional size of the frontal lobe in both brains, in the fact that, 
t^rking the total length of the cerebrum as 100, the part in front of the fissures of 
Rolakdo, the part between them and the perpendicular fissures, and the part behind 
the latter, as seen from above, measure in the smaller or male brain 29, 42, and 29, 
and in the larger or female brain 40, 36, and 26. The frontal region, in front of the 
fissure of Eolaiido, as compared with the parts lying behind that fissure, is therefore in 
the former as 29 to 71, and in the latter as 40 to 60. In both idiots the frontal region 
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is therefore defective, but unequally so in the two. It is scarcely possible to doubt that 
dissection would establish the lact of a coincident want of development in the corpora 
striata of these brains. 

In both these idiots also the cerebellum is, comparatively to the cerebrum, enor- 
mously developed. In the smaller brain, only one-third of it is covered by the cere- 
brum ; in the larger brain, the two parts reach back to exactly the same level ; in botU^ 
the laminae appear to be few, only twenty being distinguishable on the under surface of 
one hemisphere in each. 

The skull of the male idiot is thin, and appears to be much marked on its internal 
surface with the convolutions ; that of the female idiot is thicker, and not so much marked 
in that way. 

h. Assuming the accuracy of the dates assigned to the several models of foetal brains 
in the Muscuiifi at Guy’s, the effect would be to place the period at which the idiots’ 
cerebra reached their ultimate stage of evolution, at from one mouth to even six weeks 
later than that given in the preceding paper. But it is notoriously difficult to deter- 
mine the age of any given foetus. An examination of the entire series shows that, if 
the dates be correct, the cerebrum does not, either in size, or in the condition of deve- 
lopment of its convolutions, always at£ain exactly the same point at exactly the same 
period of intra-uterine lifg. 

The condition of the convolutions in these models confirms the history above given 
of the conversion of the intrusive convolution into the anterior ascending parietal ; for 
the change is traceable through a certain number of the foetal brains. It also supports 
the views expressed as to the early arrest of the evolution of the corpora striata, and 
of the special effect of this on the development of the frontal lobes; for, with certain 
fluctuations, the corj^ora striata, where shown in the models, are always larger than the 
optic thalami ; and the proportions of the frontal to the hinder regions of the cerebrum, 
as marked off by the fissures of Rolando, vary, from the first appearance of this fissure 
to the fuU term of development, between the ratios of 37 to 63 and 68 to 42. Lastly, 
these models show that idiot brains must grow a little after they have ceased to be 
further evolved ; for the convolutions, and indeed the cerebral hemispheres themselves, 
arc broader and larger in the idiot ’brains than in the models of brains of equally for- 
ward convolutional development. It is certainly true that, taking the four idiots’ brains, 
viz. the two hereinbefore described and the two in the Museum at St. Baitholomew’s, 
their respective sizes and their degrees of evolution correspond ; but this does not dis- 
prove the occurrence of a growth in them after the* cessation of development, an event 
shown to occur on other grounds. 

The model and drawings of the idiot’s brain at Guy’s also confinn all our previous 
notions; and indeed it may be concluded that the idiotic condition is produced in all 
cases by conformable influences, affecting the cerebrum in slightly different degrees in 
different examples. 
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These measurements are especially diminished by the extreme flattening of the preserved brain. 
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ON THE BBAINS OF TWO IDIOTS OF EUEOPBAN DESCENT. 


Table II. — Eatios |^ctween the Dimensions of different parts of the Encephalon, in the 
European, in the Bushwoman, in the two Idiots, and in the Chimpanzee. 



European. 

Bufihwoman. 

Idiot woman. 

Idiot boy. 

Chimpanzoo. 



to 

b 

1 

to 

1-3 

1 

to 

1-29 

1 

to 

1-14 

1 

to 

1-2.3* 

1 to 

M9 

Cerebrum ^ 

a 

to 

c 

1 

to 

♦9 

1 

to 

•82 

1 

to 

•86 

1 

to 

•45 

1 to 

•7% 

C 

to 

b 

1 

to 

1-44 

1 

to 

1*61 


to 

1^32 

1 

to 

2*43 

1 to 

1*52 


Id 

to 

f 

1 

to 

2*09 

1 

to 

2*13 

1 

to 

2-3 

1 

to 

3-1 

1 to 

2-26 

1 

r m 

to 

1 

I 

to 

1-5 

1 

to 

1*64 

1 

to 

1-6 

1 

to 

2-14 

1 to 

1-87 

Cerebellum < 

m 

to 

n 

1 

to 

•58 

1 

to 

•56 

1 

to 

•97 

1 

to 

•86 

1 to 

•5 

1 


to 

1 

1 

to 

2-57 

1 

to 

2-91 

1 

to 

1-53 

1 

to 

2-5 

1 to 

3-75 

I 

r 

to 

b 

1 

to 

2*7 

1 

to 

2-64 

1 

to 

1-&5 

1 

to 

2-43 

1 to 

2-75 

Cerebrum and Cerebellum < 

n 

to 

c 

1 

to 

3*21 

1 

to 

2*91 

1 

to 

1-51 

1 

to 

M6 

1 to 

3-62 

1 

u 

to 

a 

1 

to 

1*39 

1 

to 

1*42 

1 

to 

M 

M4 

1 

to 

1-03 

1 to 

1-23 

Medulla oblongata and Cerebrum.. 

. 0 

to 

a 

1 

to 

7 

1 

to 

6 

1 

to 

5-14 

1 

to 

6*3* 

1 to 

6-7 


Explanation dp the Plates. 

With the exception of figures 7, 8, and 20, which are tahen from Gratiolet, and of 
figure 23, which is merely a tracing from nature, the illustrations to this paper have 
been lithographed from Mr. Herbert Watkins’s photographs, aided by reference to the 
objects themselves. All the figures agree in size with the preserved brains, excepting 
figure 9, which, as well as figures 7 and 8, taken from Gratiolet, is reduced to three- 
fourths of the proper linear dimensions. The references to the cerebral convolutions 
are alike in all the Plates; and a common explanation of these is appended to the 
general description. References to a few other details are given under each Plate. 


PLATE XVII. 

Fig. 1. Upper surface of the preserved brain of the Bushwoman. 

Fig. 2. Base of the same brain : o, olfactory nerve ; a, corpora albicantia. 

PLATE XVIII. 

Fig. 3. Left side of the same brain. 

Fig. 4. Vertical median section of the same brain, Showing the inner surface of the left 
hemisphere of the cerebrum, with the cut surfaces of the cerebral peduncle, 
the corpus callosum, the cerebellum, ponsVarolii (^), medulla oblongata, and 
other parts: a, anterior commissure; corpora quadrigemina. 

* TheB6 ntioB are oaloolated £roin meaeuxements taken on the intracranial cast ; the net of the ratios, in 

the case of the idiot hoy, are taken fiooi measunmente of the pnserved brain. 
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PLATE XIX. 

Fig. 6. The left hemisphere of the same brain, detached from its peduncle, showing the 
imder surface with the inner surface foreshortened. 

Fig. 6. Horizontal dissection of the same hemisphere, showing the left lateral ventricle 
laid open : a, body of the ventricle and optic thalamus ; b, anterior cornu ; 
C, posterior cornu ; d, commencement of middle cornu ; e, hippocampus 
major ; /*, hippocampus minor ; eminentia coUateralis ; h, corpus striatum. 

PLATE XX. 

Fig. 7. Convolutions of the upper surface of a European brain, shown in outline (from 
Gbatiolet). 

Fig. 8. Corresponding view of the brain of the Hottentot Venus (from Gbatiolet). 

Fig. 9. Corresponding view of the brain of the Bushwoman. To suit the size of the 
page, these comparative views of the upper cerebral convolutions in the 
European, the Hottentot Venusj and the Bushwoman, are reduced to three- 
fourths of their proper linear dimensions. But it must be observed that the 
originals of figures 7 and 8 are of the full size of the recent or restored brains ; 
whilst the original figure of the Bushwoman’s brain (figure 1 of this memoir) 
is of the size of that organ after it had become shrunk from maceration in 
spirit. J udging from the measurements of the interior of the Bushwoman’s 
skull, this reduced figure of her brain should be about i^th of an inch 
shorter than that of the brain of the Hottentot Venus. 

PLATE XXI. 

Fig. 10. Upper surface of the preserved brain of a female idiot, aged 42 years. 

Fig. 11. Under surface, or base, of the same brain : o, olfactory sulcus. 

Fig. 12. Left side of the same brain. 

Fig. 13. Vertical median section of the same brain, showing the inner surface of the 
left hemisphere of the cerebrum, with the cut surfaces of the corpus 
callosum (c), cerebral peduncle, cerebellum, pons Varolii (^), medulla oblon- 
gata, and other parts. 

PLATE XXII. 

Fig. 14. Upper surface of the preserved brain of a male idiot, aged 12 years. 

Fig. 15. Under surface, or base, of the same brain : o, olfactory sulcus. 

Pig. 16. Left side of the same brain. 

Fig. 17. Eight hemisphere of the same brain, detached from its peduncle, showing the 
internal and under surfaces. The frontal region is turned to the left hand of 
the observer. The section of the corpus callosum (c) is also shown. 
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PLATE XXIII. 

Fig. 18. Convolutions of the upper surface of the brain of the female idiot. 

Fig. 19. Convolutions of the upper surface of the brain of the male idiot. 

N.B. In both of these figures few additional markings, not represented 
in figures 10 and 14, have been put in from careful examinations of 
the brains themselves. 

Fig. 20. Convolutions of the upper surface of the brain of an Orang-outang (after 
Gbatiolet’s restored figure). 

Fig. 21. Outer surface of the left hemisphere of the cerebrum of a human foetus, at 
probably between the fourth and the fifth month. 

Fig. 22. Median vertical section of the same fcetal cerebrum, *showing the inner surface 
of the same hemisphere. 

Fig. 23. Vertical median section of the medulla oblongata and pons Varolii of a pre- 
served European brain, to show the area (jp) occupied by the divided trans- 
verse fibres of the pons. 

Fig. 24, The samb parts from the brain of the Bushwoman. 

Fig. 25. The same parts from the brain of the female idiot. 

Fig. 26. The same parts from the brain of the male idiot. 

References to the Lohesy Fissures, and Convolutions. 

The names here given to the fissures and convolutions are, for the most part, founded 
on M. Gbatiolet’s nomenclature. 

Ce. The cerebellum. 

Lobes. 

C. Median lobe, or Island of R^il. 

F. Frontal. 

P. Parietal. 

O. Occipital. 

T. Temporal. 


Fissures. 

c-c, Antero-parietal (Huxley). 
d-d. Rolando’s. 
e-e, Sylvian. 
f-f Parallel. 
g-g. Inferior temporal. 

A, h. External perpendicular. “ 
i-4. Fronto-parietal {caltoso-marginat, Huxley). 
A-A. Internal perpendicular. 

MDCCCLXIT. 4 E 
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Ir-l^ m. Hippocampal. 

Ir - l . Outer or calcarine portion (Huxley). 
m. Inner or dentate portion (Huxley). 
n-w. Inferior middle temporal or great collateral. 


Convolutions, 


II. Supraorbital. 

III. Posterior orbital. 

Iff,. Internal orbital. 
mil. External orbital. 

1-1. Lower frontal. 

9 - 9 '. Middle frontal. 

3 - 8 /. Upper frontal. 

4 - 4 '. Anterior ascending parietal. 

8 - 5 . Posterior ascending parietal. 

51 -si. Lobule of the posterior ascending parietal. 

4ff-8ff. Supramarginal. 

A-A. Lobule of the supramarginal. 

«-«. Bent, or angular. 

T-7. Upper external temporal, or inframarginal. 

8 - 8 . Middle external temporal. 

g-g. Lower external temporal, which is the same as the lower internal temporal. 

10- 10. Upper occipital. 

11- 11. Middle occipital. 

19 - 19 . Lower occipital. 

m-a. First or upper external connecting. 
fi-fi. Second external connecting, 
y-r. Third external connecting. 
i~s. Fourth or lowest external connecting. 

17- 17. Great marginal. 

18— 18. Callosal. 

i 8 /-i 8 f. Quadrilateral lobule. 
ij-19. Middle internal, temporal or uncinate. 

19/. Unciform lobule or crochet. 

90. Dentate (not shown in £^y figure). 

«. Place of lower internal connecting, here (as usual) concealed. 

{. Place of upper internal connecting (present only in Quadmmana). 

95 - 95 . Occipital lobule. 

90. Calcarine (Flower). Shown only in figure 17 . 
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XVI. A Second Memoir on Skew Surf<zcest otherwise Scrolls. By A. Cayley, F.B.S. 


Bocoived April 29, — ^Bead May 20, 1864. 


The principal object of the present memoir is to establish the different kinds of skew 
surfaces of the fourth order, or Quartic Scrolls ; but, as preliminary thereto, there are 
some general researches connected with those in my former memoir “ On Skew Surfaces, 
otherwise Scrolls”*, and I also reproduce the theory (which may be consiiiered as a 
known one) of cubic scrolls ; there are also some concluding remarks which relate to 
the general theory. As regards quartic scrolls, I remark that M. Chasles, in a footnote 
to his paper, “ Description des courbes de tons les ordres situees sur les surfaces regimes 
du troisi^me et du quatrifeme ordres ”f , states, “ les surfaces r^gl^es du quatrifeme ordre 
.... admettent quatorze especes.” This does not agree with my results, since I find only 
eight species of quartic scrolls ; the developable surface or “ torse ” is perhaps included 
as a “surfiice r^glde;” but as there is only one species of quartic torse, the deficiency is 
not to be thus accounted for. My enumeration appears to me complete, but it is possi- 
ble that there arc subforms which M. Chasles has reckoned as distinct species. 

On the Degeneracy of a Scroll, Article Nos. 1 to 5. 

1. A scroll considered as arising from any geometrical construction, for instance one 

of the scrolls S(wi, n, jg), S(m*, n), considered in my former memoir, or say in 

general the scroll S, may break up into two or more inferior scrolls S', S", . .; but as long 
as S', S", . . are proper scrolls (not torses, and a fortiori not cones or planes), no one of 
these can be considered, apart from the others, as the result of the geometrical construc- 
,tion, and we can only say that the scroll S given by the construction is the aggregate of 
the scrolls S', S", . . ; and the like when we have the scrolls S', S", . . ., each repeated any 
number of times, or say when S=S'*S"^. . . Suppose however that the scrolls S', S", . . 
are any one or more of them a torse or torses — or, to make at once the most general sup- 
position, say that we have S= 2S', where 2 is a torse, or aggregate of torses (2=2'*2"^ . . .), 
and S' is a proper scroll or aggregate of proper scrolls ; then, although it is not obliga- 
tory to do so, we inay without impropriety throw aside the torse-factor 2, and consider 
the original scroll S as degenerating into the scroll S', and as sufifbring a reduction in 
order accordingly. 

2. As an illustration, consider the scroll S(w, n, p) generated by a line which meets 
three directrix curves of the orders m, n, jg respectively ; and assume that the cu^es 

• Philoaophical Transactioiis, vol. diii. (1863), pp. 463-483. 

t Comptes Bendus, t. liii. (1861), pee p. 888. 

* 4 E 2 
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m, nt p are each of them situate on the same scroll 2, the curve m meeting each gene* 
rating line of 2 in « points, the curve n each generating line in /3 points, and the curve 
p each generating line in y points. Each generating line of % is a/3y times a generating 
line of S, and we have S=S*^S', where S' may be a proper scroll ; it is however to be 
noticed that if the curves wi, p any two of them intersect. S' will itself break up and 
contain certain cone-factors,, as will presently appear. And if instead of being a 
proper scroll, be a torse, then wc may consider S as degenerating into S', the reduction 
in order being of course =:a/3y X order of X* 

3. But this is not the only way in which the scroll S(m, w, p) may degenerate ; for sup- 
pose that two of the directrix curves, say n and^, intersect, then the lines from the 
point of intersection to the curve m form a cone of the order m which will present 
itself as a factor of S ; and generally if the cur\'e8 n and p intersect in u points, the 
curves jp and m in /3 points, and the curves m and n my points, then we have a cones 
each of the order w, /3 cones each of the order n, and y cones each of the order or 
say S=CS', where C is the aggregate of the cone-factors; and the scroll S degenerates 
into S', the reduction in order being =a»i-l-/3/i-f-yp. It is hardly necessary to remark 
that if a point of intersection of two of the curves is a multiple point on either or each 
of the curves, it is, in reckoning the number of intersections of the two curves, to be 
taken account of according to its multiplicity in the ordinary manner. 

4. There is yet another case to be considered: suppose that the curves n and^ lie on 

a cone, and that the curve m passes through the vertex of this cone ; this cone, repeated 
a certain number of times, is part of the locus, or we have S=(7S', so that the scroll S 
degenerates into S', the reduction in order being =^x order of cone. If, to fix the ideas, 
the curves n and^ are respectively the complete intersections of the cone by two sur- 
faces of the orders h respectively (this implies p^hje, if k be the order of the 

cone), which surfaces do not pass through the vertex of the cone, and if, moreover, the 
vertex of the cone be an a-tuple point on the curve m, then and the reduction 

in order is =ag1ik. 

6. The foregoing causes of reduction, or some of them, may exist simultaneously ; it 
would require a further examination to see whether the aggregate reduction is in all 
cases the sum of the separate reductions. But the aggregate reduction once ascertained, 
then writing S(m, », p) for the order of the reduced scroll, we shall have 

S(m, 7t,^)=2wwjp— Reduction. 

In particular, in the case above referred to, where the curves n md.p^p and w, m and n 
meet in a, |3, y points respectively, but there is no other cause of reduction, 

S{m, am— yp, 

which is a formula which will be made use of. 

The foregoing investigations apply, mutatis .mutandis^ to the scrolls S(m*, n), S(m'); 
but 1 do not at present enter into the development of them in regard to these scrolls. 
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Scrolls with two directrix lims^ Article Nos. 6 to 11. 

6. Consider now a scroll having two directrix lines : it may be assumed that these do 
not intersect ; *for if they did, then any generating line, line meeting the two direc- 
trix lines, would either lie in the plane of the two lines, or else would pass through 
their point of intersection ; that is, the scroll would break up into the plane of the two 
lines, considered as the locus of the tangents of a plane curve, and into a cone having 
for its vertex the point of intersection of the two lines. Each generating line meets 
any plane section of the scroll in the point where such generating line meets the plane 
of the section ; the plane section constitutes a third directrix ; or the scrolls in question 
are all included in the form S(l, 1, m), where m is a plane curve. The order of the scroll 
S(l, 1, m) is in general =2«i; but if the one line meets the curve a times, that is, in 
an a-tuple point of the curve, and the other line meets the curve /3 times, that is, in a 
)3-tuple point of the curve, then by the general formula (ante^ No. 6) the order of the 
scroll is =2m— a--j3; and in particular if a+/3=m, then the order is =m. 

7. We may without loss of generality attend only to the last-mentioned case. To 
show how this is, suppose for a moment that the two lines do not either of them meet 
the curve ; the scroll is then of the order 2m. Call the point in which each line meets 
the plane of the curve the foot of this line, then the line joining the two feet meets the 
curve in m points ; and it is in respect of each of these points a generating line of the 
scroll ; that is, it is an m-tuple generating line : the section of the scroll by the plane of 
the curve m is in fact this line counting m times, and the curve m ; m-l-w=2w, the 
order of the scroll. And in like manner the section by any plane through the m-tuple 
line is this line counting m times, and a curve of the order m not meeting either of the 
directrix lines. But the section by any other plane is a curve of the order 2m meeting 
each of the directrix lines in a point which is an m-tuple point of the section (each direc- 
trix line is in fact an m-tuple line of the scroll) ; and by considering, in place of the par- 
ticular section m, this general section, we have the scroll of the order 2m in the form 
S(l, 1, 2m), where the two directrix lines each meet the section m times; so that the 
order is 4m— m— m=2m. 

8. And so in general, m being a plane curve, when the scroll S(l, 1, m) is of an order 
superior to m, say =m-|-Ar, this only means that the section chosen for the directrix 
curve m is not the complete section by the plane of such curve, but that the line join- 
ing the feet of the two directrix lines is a ^-tuple generating line of the scroll, and that 
the complete section is made up of this line counting h times and of the curve m. So 
that taking, n^t the section through the multiple generating line, but the general sec- 
tion, for the plane directrix curve, the only case to be considered is that in which the 
section is a proper curve of an order equal to that of the scroll ; or, what is the same 
thing, we have only to consider the scrolls S(l, 1, m) for which the order is depressed 
&om 2m to m in consequence of the directrix lines meeting the plane section a times 
and j3 times, that is, in an a-tuple point and a j3-tuple point respectively, where 
u+pssm. 
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9. It is clear that in the case in question the directrix lines are an a-tuple line and a 
/3*tuple line respectively. The generation is as follows ; Scroll S(l, 1, m) of the order 
m ; the curve m being a plane curve of the order m having an ce-tuple point and a 
j9>tuple point, where «+/3=m : the directrix lines, say 1 and 1', pass through these 
points respectively, and they do not intersect each other. The generating lines pass 
through the directrix lines 1 and 1' and the curve m, and we have thence the scroll 
S(l, 1, m). Taking at pleasure any point on the curve . 7 », we can through this point 
draw a single line meeting each of the directrix lines 1, 1'; that is, the curve wi is a 
simple curve on the scroll. Taking at pleasure a point on the directrix line 1, and 
making this the vertex of a cone standing on the cuiTe m, this cone has an a-tuple line 
(the line 1) and a /3-tuplc line (the line joining the vertex with the foot of the line 1') ; 
the line 1' meets this cone ‘in the foot of the line 1', counting /3 times, and besides in 
m— /3, xra points; the lines joining the vertex with the last-mentioned points respect 
ively (or, what is the same thing, the lines, other than the /3-tuple line, in which the 
plane through the vertex and the line 1' meets the cone) are the a generating lines 
through the assumed point on the line 1 ; and the line 1 is thus an a-tuple line of the 
scroll. And in like manner, through an assumed point of the directrix line 1', we con- 
struct (3 generating lines of the scroll ; and the line 1' is a /3-tuple line of the scroll. 

10. The scroll S(l, 1, m) now in question has not in general any multiple generating 
line ; in fact a multiple generating line would imply a corresponding multiple point on 
the section m ; and this section, assumed to be a curve having an a-tuple point and a 
j3-tuple point, has not in general any other multiple point. But it mag have other 
multiple points ; and if there is, for example, a y-tuple point, then the line from this 
point which meets the two directrix lines counts y times, or it is a y-tuple generating 
line; and so for all the multiple points of m other than the a-tuple point and the 
jS-tuple point which correspond to the directrix lines respectively. It is to^ be noticed 
that the multiplicity y of any such multiple generating line is at most equal to the 
smallest of the two numbers a and /3; for suppose y>a, then, since a-l-j3=w, we 
should have y-h/3>?>i, and the line joining the y-tuple point and the /3-tuple point 
would meet the curve m in y-l-/3 points, which is absurd. In the case of Several 
multiple lines, there are other conditions of inequality preventing self-contradictory 
results ♦. 

11. The general section is a curve of the order m, having an a-tuple point and a 
/3-tuple point corresponding to the directrix lines respectively, and a y-tuple point, 
&c. . . . corresponding to the other multiple points (if any). A secti(y through the 
directrix line 1 is in general made up of this line, counting a times, and of /3 generating 
lines passing through one and the same point of the directrix line 1'; if the section pass 

* Suppose, ioT example (see next paragraph o£ the text), that there were a y-tupIe generating line aiid « 
{r>taple generating line lying in with the line 1 ; those lines counting as (y-|-^) lines, must be induded 
among the jS generating lines through tho plane in question; this implies that y+^^/3, a conclusion which 
must be obtainable from consideration of tho curve m irrespectively of the scroll. ’ , 
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also throngh a 7 *tuple generating line» then, of the /S generating lines in question, y 
(whichi as has been seen, is ^|3) unite together in the y-tuple generating line ; and so 
for the sections through the directrix line 1'. The general section through a 7 -tuple 
generating line is this line counting y times, and a curve of the order m—y^ which has 
an (fls— 7 )tuple point at its intersection with the directrix line 1 , and a (/ 3 ^ 7 )tuple point 
at its intersection with the directrix line 1 ' ; it has a ^tuple point, &c. . . at its inters 
sections with the other multiple generating lines, if any. 

* 

Scrolls with a twofold directrix line, Article Nos. 12 to 16. 

12. But there is a case included indeed as a limiting one in the foregoing general 
case, but which must be specially considered ; viz. the two directrix lines 1 and 1' may 
coincide, giving rise to a twofold directrix line. To show how this is, I return for the 
moment to the case of the scroll S(l, 1, m) with two distinct directrix lines 1 and 1', 
and, to fix the ideas, 1 suppose that the directrix lines do not either of them meet the 
curve m, so that the order of the scroll is =2m. Through the line 1 imagine the series of 
planes A, B, C, . . . meeting the line 1' in the points V, d the generating lines through 
the point d are the lines in the plane A to the points in which this plane meets the 
curve m ; the generating lines through the point h' are the lines in the plane B to the 
points where this plane meets the curve m ; and so for the generating lines through the 
points d, d' , And it is clear that the points d, V, d, . . correspond homographi- 
cally with the planes A, B, C, . . . This gives immediately the construction for the 
case where the two directiix lines come to coincide. In fatt, on the twofold directrix 
line 1 = 1 ' take the series of points a,h,c,., and through the same line, corresponding 
homographically to these points, the series of planes A, B, C, . . ; the generating 
lines through the point a are the lines through this point, in the plane A, to the 
points in which this plane meets the curve m ; and so for the entire series of points 
h,c,.. of the line 1=1'; the resulting scroll, which I will designate as the scroll S (T7i, m), 
remains of the order =2m. If there is given a point of the curve m, then the plane 
through this point and the directrix line is the plane A ; and the point a is then also 
given by the homographic correspondence of the series of planes and points, and the 
generating line through the given point on the curve m is the line joining this point 
witl^the point a. 

13. We may say that, in regard to any point a of the line 1, the corresponding plane 
A is the plane of approach of the coincident line 1' ; and that in regard to the same 
point a and to any plane through it, the trace on that plane of the plane of approach is 
the line o( apj^oach of 1 ' ; that is, we may consider that the coincident directrix line 1 ' 
meets the plane through a in a consecutive point on the line of approach. In particular 
if the point a be the foot of the directrix line 1 (that is, the point where this line meets 
the plane of the curve m), and the plane through a be the plane of the curve then 
the intersection of the last-mentioned plane by the plane A which corresponds to the 
point a is the line of approach, and the foot of the coincident directrix line V is 
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the consecutive point to a along the line of approach. The expression “ the line bf 
approach,” used absolutely, has always the signification just explained, viz. it is the inter- 
section of the plane of the curve m by the plane corresponding to the foot of the direc- 
trix line. 

14. Suppose now that the line 1 meets the curve m, or, more generally, meets it os 
times, that is^ in an a-tuple point; it might at first sight appear that the coincident 
line 1' should also be considered as meeting the curve a times, and that the resulting 
scroll should be of the order 2aw— a—05=2»i— 2a. But this is not the case; so long 
as the direction of the line of approach is arbitrary, the line V must be considered as a 
line indefinitely near to the line 1, but nevertheless as a line not meeting the curve at 
all ; and the order of the scroll is thus =2?»— a. If, however, the line of approach is 
the tangent to a branch through the a-tuple point — that is, if the plane corresponding 
to the a-tuple point meet the plane of the curve in such tangent, then the coincident 
line 1' is to be considered as meeting the curve m in a consecutive point on such branch, 
and the order of the scroll is =2m— a— 1. And so if at the multiple point there are 
/3 branches having a common tangent, then the coincident line 1' is to be considered 
as meeting the curve w in a consecutive point along each of such branches, or say 
in a consecutive /3-tuple point along the branch, and the order of the scroll sinks to 
2m— a— /3. The point spoken of as the a-tuple point is, it should be observeds more 
than an a-tuple point with a |3-fold tangent ; it is really a point of unbn of an a-tuple 
point and a |3-tuple point, or say a united a(-|-/3) tuple point, equivalent to 

double points or nodes; and the case is precisely analogous to that of the scroll 
S{1, 1, m), where the two directrix lines pass through an a-tuple point and a /3-tuple 
point of the curve m respectively. It may be added that if at the multiple point in 
question, besides the /3 branches having a common tangent, there are y branches having 
a common tangent, then t^e point is, so to speak, a united a(+|3, -|-y)tuple point 
equivalent to ia(a— l)-pJ/3(/3— l)-f*Jy(y— 1) double points or nodes; but the order of 
the scroll is still =2m— a— /3. 

15. In the same way as the scrolls S(l, 1, m) are all included in the case where the 
order of the scroll, instead of being =:2m, is =:m, so the scrolls S(l, 1, m) are all 
included in the case where the order of the scroll, instead of being =2m, is =m. ^That 
is, we may suppose that the curve m has a united a(-f-/3)tuple point (a-i-/3=m), and may 
take the directrix line to pass through this point, and the line of approach to be the 
common tangent of the /3 branches ; and this being so, the order of the scroll will be 
2m— a— /3, =m. It may be added that if the curve m has, besides Ite a(-)-/3)tuple 
point, a y-tuple point, then the scroll will have a y-tuple generating line, and so for 
the other multiple points of the curve m, 

16. We may, in the same way as for the scroll S(l, 1, m), consider the different 
sections of the scroll S(l, 1, m) of the order m. The general section is a curve of the 
order m, having an a(4'j3)tuple point at the intersection with the directrix line, and a 
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7 ^uple point, &c. corresponding to the multiple generating lines, if any. A section 
through the directrix line is in general made up of this line counting a times, and of j3 
generating lines through the point which corresponds to the plane of the section ; if 
the section pass also through a y-tuple generating line (y>|3, in the same way as for 
the scroll S(l, 1, m)), then, of the /3 generating lines, y unite together in the y>tuple 
generating line. The general section through a y-tuple generating line breaks up into 
this line counting y times, and a curve of the order wi— y, which has on the directrix 
line an a— y(-|-|3— yjtuple point and a S-tuple point, &c. at its intersections with the 
other multiple generating lines, if any. 

Equation of the Scroll S(l, 1, m) of the Order m. Article Nos. 17 & 18. 

17. Taking for the equations of the directrix lines (j:=0, y=0) and w=0), 

and supposing that these are respectively an a-tuple line and a /S-tuple line on the scroll 
a4‘i3=wi> it is obvious that the equation of the scroll is 

yY(^^ w/=0. 

In fact starting with this equation, if we consider the section by a plane through the 
line (a?=0, y=0), say the plane then the equation gives 

ar*(#Jl, x)“( 2 , wy=0; 

that is, the section is made up of the line (a;=0, y=0) reckoned « times, and of /3 other 
lines in the plane and the like for the section by any plane through the line 

( 2 = 0 , w=0), say the plane z=i»w. Hence the assumed equation represents a scroll of 
the order m, having the two [lines for an a-tuple line and a j3-tuple line respectively, 
and conversely such scroll has an equation of the assumed form. 

Case of a y-tuple generating line.i^ 

18. The multiple generating line meets each of the lines (a?^0, y =0) and {z=0, w=Qj); 
and we may take for the equations of the multiple generating line j:4-y=0, 2 +w= 0 , 
This being so, the foregoing equation of the scroll may be expressed in the form 

(tfe 

or say 

(U, V, W, ..X^, 

where XJ, V, W, ... are functions of the form VY- Hence (y>-a or /3), if the func- 
tions U, V, W,^.. contain respectively the factors {X’\-y)\ (a?-|-yX"‘, the 

equation will be of the form 

(#X^-hy, 

(the coefficients being functions of a:, y, z and 2 -|-w, or, what is the same thing, a?,y, w, 
of the order a-f /3— y), and the scroll will therefore have the line a?H-5^=0, z-j-wssO as 
a y-tuple generating line. 

MDCOCLXIY. 4 F 
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EqmtUm of the Scroll 8(1, 1, m) of the Order m, Article Nos. 19 to 24. 

19. We may take iP=0, y=0 for the equations of the twofold directrix Hue, «=0 
for the equation of the plane of the curve m (an arbitrary plane section of the scroll). 
Then (a+/3=m), if the curve m have at the point (ic=0, y=0), or foot of the directrix 
line, an a(+|3)taple point, and if moreover we have ^=0 for the equation of the 
common tangent of the |3 branches (viz. if the plane y=0, instead of being an arbitrary 
plane through the directrix line, be the plane through this line and the common tangent 
of the p branches), the equation of the curve m will be of the form 

where the summation extends to all integer values of j3' from 0 to j3, both inclusive. 

20. Taking y=:'kx for the equation of any plane through the directrix line, then the 
corresponding point on the directrix line will be the intersection of this line (ir=0, 

y=:0) by the plane z=0Wy where 0=z ; the foot of the directrix line is given by the 

value ^=0, or X= — and the equation of the line of approach is therefore y= — 

this should coincide with the line y =0, which is the common tangent of the (3 branches ; 
that is, we must have i=0; I retain, however, for the moment the general value of b. 

21. The equations of a generating line will be 

and then taking X, Y, (Z=0) and W for tlie coordinates of the point of intersection 
with the curve w, we have 

Y=:xX, 0=^W-i>X, 

S(YW)^(#TX, Y)«+'»->^=0, 

and thence 

oil what is the same thing,* 

which equation, substituting therein for’ 0 its value in terms of X, gives the parameter p 
which enters into the equations of the generating line ; or, what is the same thing, the 
equation of the scroll is obtained by, eliminating X, 0^ p from the equation just mentioned 
and the equations 

. . . aX+6 

z=z^~~-px, 0= 

22. These last three equations give 

X—y 4 — oy+bx _ $w—z _^ (ay+bx)w~-(cy+div)z . 

X* cy+dx^ ” X X * 

and substituting these values, we find for the equation of the scroll 

2(ay+bxy~^fl(ay+bx)w^(cy-^dx)zY(*X^i 
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wiiich is of the order ^4*2/3, a, so that the «(-|-/3)tuple point, in the case* 

actually under consideration, produces only a reduction s=et. If however the line of 
approach coincides with the tangent of the /3 branches, th^ 6=0 ; the factor ^ divides 
out, and the equation is 

which is of the order a+/3,‘=m, so that here the reduction caused by the a(4/3)tuple 
point is =a4-/3. We may without loss of generality substitute «4?^for cy+dar, and 
then, putting also a=l, we find that when the equation of the curve m is as before 

but the plane through the directrix line (ar=0, y=0), and the point on this line, are 
respectively given by the equations a:=Xy, 2 !=x«>, the equation of the scroll is 

2(yw-a:«f(#Xar, y)“+<»-^=0. 

23. The result maybe verified by considering the section by any plane y=\x through 
the directrix line. Substituting for y this value, we find 

which is of the form 

Xw—2!)*=0; 

so that the section is made up of the directrix line (a:=0, y=0) reckoned a tiihcs and 
of j3 lines in the plane y— Xar=0, the intersections of the plane y— XarssO by planes sudi 
as 2!=XW— 

Case of a y-tuple generating line. 

24. The equation of the scroll may be written 

(U, V, W, . . .11, y^^xzf^^, 
where U, V, W, . . . are functions of ar, y of the forms 

(*X^> (♦X^* y)”"’* (*X^» yr”** • • • 

Assuming that these contain respectively the factors 

(y— «^r)^ (y— «a:)>-', (y— . . ., 
where then the equation takes the form 

(XT', V, W' . . .Jy— *a:, *a?)+a:(»w— «))v=0, 

where the coefficients XT', V, W, ... are functions of a?, y, 2 , w of the orders TO— y, 
TO— y--l, TO— y— 2, . . . ; or, what is the same thing, the equation is 

(U", V", w", . . Xy~«p» »w- 2 )v=o, 

where W'', , , . are functions of ar, y, 2 , of the order to— y. The saroU has 

thus the y-tuple generating line 

y— «a7=0, 2 s=: 0 . 

4 F 2 * 
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Cuhic Scrolls, Article Nos. 25 to 35. 

26. In the case of a cubic scroll there is necessarily a nodal* line; in fact for the 
m-thic scroll there is a nodal curve which is of the order ^1—2 at least, and of the order 
2) at most, and which for m=S is therefore a right line. . And moreover 
we see at once that every cubic surface having a nodal line is a scroll; in fact any plane 
whatever through the nodal line meets the surface in this line counting as 2 lines, and 
in a curve of tBe order 1, that is, a line ; there are consequently on the surface an 
infinity of lines, or the surface is a scroll. We have therefore to examine the cubic 
surfaces which have a nodal line. 

26. Let the equations of the nodal line be a?=0, y=0; then the equation of the 
surface is 

U2:+V«>-i-Q=0, 

where U, V, Q are functions of (or, y) of the orders 2, 2, 3 respectively. Suppose first 
that U, V have no common factor, then we may write 

Q=(aa:+i3^)UH-(yarH-5y)V ; 

and substituting this value, and changing the values of z and w, the equation of the 
surface is of the form 

U2+Vw=0, 

or, what is the same thing, 

so that, besides’ the nodal directrix line (a?=0, y=0), the scroll has the simple directrix 
line (2=0, w=0): it is clear that the section by any plane whatever is a cubic curve 
having a node at the foot of the nodal directrix line (.^=0, y=0), and passing through 
the foot of the simple directrix line (2=0, w=0); that is, it is a cubic scroll of the kind 
S(l, 1, 3); and since for m=3 the only partition m=a+/3 is m=2+l> there is only 
one kind of cubic scroll S(l, 1, 3), and we may say simpliciter that the scroll in question 
is the cubic scroll S(l, 1, 3). 

27. If however the functions U, V have a common factor, say (kx-\-fiy), then 
2U+wV will contain this same factor, and the remaining factor will be of th^ form 

2(«a:+j3y)+w(ya:-h2^), =^(/32+iw)+J?(a24‘yw), 

or, changing the values of z and w, the remaining factor will be of the form yw-^xz, 
and the equation of the scroll thus is 

(xar+^y)(yw--a;2)+(#Xa?, y)’=0, 

where it is dear that the section by any plane whatever is a cubic curve having a node 
at the foot of the directrix line a:=0, y=0. The scroll is thus a cubic scroll of the 
form S(i7l, 3), viz. it is the scroll of the kind where the section is a cubic curve with 
a 2(4'l)tuple point (ordinary double poiiit, or node), the line of approach being one 
of the two tangents at the node; and since for m=3 the only partition m=«+/3 is 

* The nodal line of a cubic scroll is of course s double line, and in re^^ to these scrolls the epithets * nodal’ 
and * double’ may be used indifferently. 
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9)1=2 there is only one kind of cubic scroll (1, 1, 3), and we may say simplicity 
that the scroll in question is the cubic scroll S(l, 1, 3). The conclusion therefore is 
that for cubic scrolls we have only the two kinds, S(l, 1, 3) and S(I7I, 3). The fore- 
going equations of these scrolls admit however of simplification; and I will further 
consider the two kinds respectively. 

The Cubic Scroll S(l, 1, 3). 

28. Starting from the equation 

or, writing it at full length, 

z{a, 5, h\ (/Jar, y)’=0, 

we may find 6y , 6^ so that 

(a, b, cJx,yf+6,((^, b\ 

(a, b, cjar, b\ yy=(p^-\’q^)\ 

and 6^ being unequal, since by hypothesis (a, J, cja?, y)' and {a\ V, yY have no 
common factor. This gives 

(a', b\ djx, y)*=y(i>i^+Yiy)’+ J 

or the equation becomes 

or changing the values of (a?, y) and of ( 2 , w), the equation is 

which may be considered as the canonical form of the equation. It may be noticed 
that the Hessian of the form is cdy^. 

29. We may of course establish the theory of the surface from the equation 

the equation is satisfied by a?=?iy, w=— X* 2 !, which are the equations 
of a line meeting the line (ar=0, y=0) (1) and the line («=0, w=0) (!'). The gene- 
rating line meets also any plane section of the surface; in fact, if the equation ofrthe 
plane of, the section be <iKF+i3y+y«+^w=0, then we have at once 

x:y\z: yX : Jx*— y : osX+jS : — aX*— /3X* 

for the coordinates of the point of intersection. 

30. The form of the equation shows that there are on the line 1 two points, viz. the 
points (ic=0, y^O^ 2 = 0 ) and (a:=0, y=0, w=0), through each of which there passes 
a pair of coincident generating lines : calling these A and B, then, if the coincident 
lines through A meet the line in C, and the coincident lines through B meet the line 

in 1), it is easy to see that •r=0, y=0, z=0, and t&=0 will denote the equations of 
the planes BAG, BAD, BCD, and ACD respecti'^ly* 
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81. We obtain also the following construction: take a cubic curve having a node, 
and from any point K on the curve draw to the curve the tangents K; ; through 
the points of contact draw at pleasure the lines jp AC and ^BD; through the node draw 
a line meeting these two lines in the points A, B respectively, this will be the line 1 ; 
and through the point K a line meeting the same two lines in the points C and D 
respectively, this will be the line 1'; and, the equations .r=0, y=0, z=0f w=0 
denoting as above, the equation of the surface will be 

The points A and B are cuspidal points on the nodal line; any section of the scroll 
by a plane through one of these points is a cubic curve having at Ihe point in question 
a cusp*. 

32. It is to be noticed however that the cuspidal points are not of necessity real ; if 
for d?, y we write an^ in like manner z-^iw, z^iw for z, w, then the equa> 


tion takes the form 


(a:*— y*)2— 2a:y«?=0, 


which is a cubic scroll S(l, 1, 3) with the cuspidal points imaginary. 

In the last-mentioned case the nodal line is throughout its whole length crunodal ; 
in the case first considered, where the equation is x^z-^^w—O, the nodal line is for that 
part of its length for which z^ w have opposite signs, crunodal ; and for the remainder of 
its length, or where z, w have the same sign, acnodal. There are two different forms, 
according as the line is for the portion intermediate between the cuspidal points cru- 
nodal and for the extramcdiate portioift acnodal, or as it is for the intermediate portion 
acnodal and for the extramediate portions crunodal 


CvMc Scroll S(l, 1, 3). 

33. Starting from the equation 

(Xr+p»y)(yw-r«)+(#X^,y)>=0, 
then putting to— f/tz for to and Kz for z, this may be written 

or, what is the same thing, 

a:(yto— xz)-f y )*=0 ; 

and then, if (*X^> y, y)*, this may be written 

a?{y(to-f ar(z— (wr)} =0 ; 

or Rhftng iTt g the values of to and z, we have 

for the equation of the scroll S(l, I, 3)*. 

* It is sonowhat more oonvonisiit to ft^Anpijg tho ngn of z, and tako as tho oanoBiosl 

fom. 
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34. The Hessian of the form is and it thus appears that the plane is a deter* 

minate plane through the double line. But 5^=0 is not a determinate plane; in fact, 
if for y we write the equation is 

— a?*z4-^(y+^) + (y+^)*=0, 

that is, 

3x^— X*ar)4-^w-|- 3X.r) 4'y”= 0, 

which, changing z and w, is still of the form ar(yw— ^ 2 ) 4 -y’= 0 . 

The planes ^:=0, tg=0 will alter with the plane y=0, but they are not determined 
even when the plane y=0 is determined ; in fact we may, without altering the equa- 
tion, change w, z into w-\‘6y^ z-{- 6a: respectively. 

35. In the equation a?(yw— a?2r)+y*=0, writing y=:}JV, we find for the equations 
of a generating line, y=Kx, z=\w-\~>J‘x. Considering the section by the plane 
oKP+j3y+y«+^=0, we have 

X : y : z : w=--yX— S : — yX* — Jx : — Sx®+/3X“-|-aX : yX®+/3X+a 

for the coordinates of the point where the generating line meets the section. 

The generating line meets the nodal line at the intersection of the nodal line by the 
plane z='Kw; that is, the points z=:Xw on the nodal line correspond to the planes y=Xar 
through the nodal line. In particular the point «;=0 on the nodal line corresponds 
to the plane 47=0 through the nodal line: the point yz-\-hii)=^0 on the nodal line 
(that is, the point where this line is met by the plane a474-/3y4'y*+^.«>=0) corre- 
sponds to the plane ya7+Jy=0 through the nodal line; the intersections of the plane 
«^+/%+y«+^w=0 by this plane ya7-(-iy=0, and by the plane 47=0, are the tangents 
of the section at the node. 

Qmrtic Scrolls, Article Nos. 36 to 50. 

36. We may consider, first, the quartic scrolls S(l, 1, 4). The section is a quartic 
curve having an a-tuple point and a /3- tuple point, where a-f*/3=4 ; that is, we have 
a=2, /3=2, a quartic with two nodes (double points), or else (ib= 3, |3=1, a quartic 
with a triple point. But the case a=2, j3=2 gives rise to two species: viz., in general 
the quartic has only the two double points, and we have then a scroll with two nodal 
(2-tuple*) directrix lines, and without any nodal generator; the section imy however 
have a third double point, and the scroll has then a nodal (double) generator. For the 
case oe=3, /3=1, the section admits of no further singularity, and we have a quartic 
scroll with a triple directrix line and a single directrix line. 

37. Next for the quartic scrolls S(l, 1, 4). The section is here a quartic curve with 
an fls(-f-^)tuple point, where tf+/3=4; that is, «=2, /3=2, or else a=3, /3=1. In 
the former case the section has a 2(4'2)tuple point, that 'is, a double point where the 
two brandlies have a common tangent— otherwise, two coincident double points: say 
the curve has a tacnode ; the line of approach is*tiie tangent at the tacnode. We have 
here a scroll with a twofold double line ; there are however two cases : viz., in general 
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the section has, besides the tacnode, no other double point ; that is, the scroll has no 
nodal generator: the section may however have a third double point, and the scroll 
has then a nodal (double) generator. In the case tt=3, /3=1 the section has a triple 
point, and the line of approach is the tangent at one of the branches at the triple point ; 
the s(3:oll has a twofold, say a 3(+l)tuplc directrix line: as the section admits of no 
further singularity, this is the only case. The foregoing enumeration gives three species 
of quartic scrolls S(l, 1, 4), and three species of quartic scrolls S(l, 1, 4), together six 
species, viz. these arenas follows: — 

Quartic Scroll^ First S^pedes^ S(l„ Ij, 4), with two double directrix lines, 

and without a nodal generator. 

38. Taking (a;=0, .y=0) and (z=0, w=0) for the equations of the two directrix 
lines respectively, the equation of the scroll is 

(*X^, yy{i, w)“=0. 

Quartic Scroll, Second Species, S'(l 3 , la> 4), with two double directrix lines, 

and with a double generator. 

39. This is in fact a specialized form of the first species, the difference being that 

there is a nodal (double) generator. Supposing as before that the equations of the 
directrix lines are (a?=0, ^=0) and (z=0, w=0) respectively; let the equations of the 
nodal generator be (ar 4-^=0, 2 -|-ws= 0 ); then, observing that for the first species the 
equation may be written (#X^j z+w)’=0, it is clear that if the terms in z* and 

z(z4-w) are divisible by (x-^yY and (x-\-y) respectively, the surface Vidll have as a new 
double line the line {x+y=:Q, z+w=0), which will be a double generator; and we 
thus arrive at the equation of the second species of quartic scrolls, viz. this is 

Quartic Scroll, Third Species, S(l,, 1, 4), with a triple directrix line 

and a single directrix line. 

40. Taking (a:=0, y=0) for the equations of the triple directrix line, and (zs=0, w=0) 
for the equations of the single directrix line, the equation is 

Quartic Scroll, Fourth Species, S(la, 1,, 4), with a twofold (2(+2)tuple) directrix line, 

and without a nodal generator. 

41. Taking (a?=0, y=0) for the equations of the directrix line, z=0 for that of a 
plane section of the scroll, y=0 for the equation of a plane through the tangent at the 
tacnode of the section, and supposing (see ante. No. 22) that the plane through the 
directrix line and the corresponding point on this line are respectively given by the 
equations and z^\w, the equation of the scroll is 

(^— «z)‘+(yw— arz)(ar, y)“+(d?, y)*=0. 
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Qmrtic Scroll, Mfth Species, S'(l„ 1,, 4), with a twofold (2(-f-2)tuple) generating line, 

and with a doMe generator. 

42. Let the equations of the double generator be a+w=0 ; then the line in 

question must be a double line on the surface represented by the last>mentioned equa- 
tion, and this will be the case if only tHe second and third terms contain the factors 
{x-^-y) and {x-{-yf respectively. The equation for the fifth species consequently is 

{yw~~xzy’\‘2(yw—xz){x-\-yY,x, y)-^(x--\-yY{x, y)*==0. 

Quartic Scroll, Sixth Species, S(l 3 , 1, 4), with a twofold (3(4-l)tuple) generating line. 

43. Taking (ir=0,y=0) for the equations of the directrix line, z=0 for the equation 
of a plane section, and assuming that the plane ^=0 passes through the tangent which 
is the line of approach, and that the plane through . the directrix line and the corre- 
sponding point on this line are respectively given by the equations x^Xy and 

the equation of the scroll is , « 

. (yw—xz)(x, yf+ix, yy=0. 

• I refrain on the present occasion from a more particular discussion of the foregoing 
six species of quartic scrolls. I establish two other species, as follows : — • 

Quartic Scroll, Seventh Species, S(l, 2, 2), with nodal directrix line, and nodal directrix 
conic which meet, and with a simple directrix conic which meets the nodal conic in 
two points. * * 

44. We see, a priori, that the scroll generated as above will, be. o^ the order 4, that 
is, a quartic scroll. In fact using the formula (ante, No. 6), 

Order /3w— 

we have here 

Nodal conic, m=2, oc=0. 

Simple conic, n =2, /3=1, 

Line , p =1, y=2, 

and hence 

Order ?=8 — 2—2, =4. 

45. Take (jc=0, y=0) for the equations of the directrix line, z=0 for the equation of 
the plane of the simple conic, «;=0 for that of the plane of the nodal conic; since the 
conics intersect in two points, they lie on a quadric surface, say the surface U=0; the 
equations of the simple conid thtw are «=0, U=0 ; those of the nodal conic are w=0, 
U=0. The directrix line 37=0, y=0 meets the nodal conic; that is, U must vanish iden- 
tically for 37=0, y=0, w=0; and this will be the case if only the term in a’ is wanting ; 
that is, we must have 

U=(«, 0, d,f, g, h, I, m, nXx, y, z, w)\ 

^ But we may. in the first instance omit the condition in question, and write 

U=(a, b, c, d,f, g, h, I, m,nXx, y, z, wf; 
this would lead to a textic instead of a quar^ scroll 
HDCXX^Lxnr. 4 o 
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♦ 

♦ ^ 

46. The equaticms of a geneiatiag line (since it meets the directrix line ^s=0, 
may be taken to be 

the condition in order to the intersection of tl^ generating line with the nodal conic is 
at once found to be 

aa*+2A«+J+2/3(/+5r«)+cj3»=:0, 
and that 'for its intersection with the simple conic 

ca*+2Aa4-^-h2tf(m+Za)+di^*=0 ; 
and writing the equations of the generating line in the form 



the elimination of /3, 0 from these four equations gives the required equation of the 
scroll. Writing for a moment 

F =gu +/* 

M=Z« 4-m 

we find 

+2F/3 +^=0, 

( 0y* -f 2My w + dw*)/3* — 2(0y« + + 02* = 0 ; 

0 

or, introducing at this place the condition c=0, the first equation gives /3s=:--^, and 
we thence obtain 

® (%* + 2'Kyw-\-dv}*) + 4F(0y2-fMw2)+ 4P2 *s= 0, 

or, what is the same thing, 

(0y+2F2)*+2M«;(0y4-2F2)4.0dit;*=O ; 
wkence, observing that we have 

j. fe+wy 

y y y 

the equation of the scroll is 

(ar*+2Aay+ Jy* +2^23?+ 2^2)* 

•f 2(a2*+2^ + ^4* 2^^ + 2^2X^+9^)tt^ 

-4 (<B**+2Aay+&y*)d«>*=0. 

And we see from the equation that the surfisce contains the line (^=0, jf=0) as a double 
line, the conic 

19=0, £Rr*+2Aay-4^jy*+2^2a?+^2=0 

as a double curve, also the conic 

2=0, a2*+2Aay+iy*-f-2Z«tt;-|-2w^+dio^=0 
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A 

as a sample curve on the surface,-- the complete intersection by the plane rssO being in 
fact the last*mentioned conic, and the pair* of lines 

z=0, 

Quartic Scroll, Eighth Specus, S(l, 3*^), mth a directria line, and a directrir skew 

cubic met twice by each generating line, 

47. We see, a priori, that the scroll is of the order 4, that is, a quartic scroll; in fact 
for the scroll S(l, m*) the order is =[m]*-|-M (first memoir, p. 467), and we have here 
m=3, M=:A— •i[m]*=:l— 3=— 2 ; that is, order =6—2, =4. 

48. The equations of the cubic curve may be taken to be 

y, * 1=0, 

, I y, w 1 

or, what is the same thing, 

y*=0, y«=0, yw— «*=0; 

« 

, those of the directrix line may be represented by 

+/5y +72 +^ =0, 

a'a?+P'y+y'«+^'w=0 ; 

or, what is the same thing, if 

/3y'-/3V=«, ay-«'X=/, 
yol — y'a=i, py — fi'^=:g, 
a/3'— a^/3=<?, yJ' — 7^=4 

(and therefore identically af-^bg-\-ch=0), the line is defined by means of its “ six coor- 
dinates ” (a, b, c,f, g. A). 

49. The equations of the cubic curve are satisfied by writing thermn 

a:yiz:w=^l:t:f:f, 

and therefore the coordinates of any two points on the curve may be represented by 
(1, 0, 6*, rf*) ancl (1, 9, ^•); hence, if x, y, z, w are the coordinates of a point in the 

line joining the last mentioned two points, we have 

ar : y : « : w=/+w : ^+m9 : Z^+wi9* : 

which equations, treating therein l,m as indeterminate parameters, give the equations 
of the line in question. And putting moreover 

p^yw-^:^, q^yz^xw, r=a»— y*, 

we have identically 

^ : r=^ : — (^+^) : 1. 

60. In order that thd line in question may meet the directrix line, we must have 

^a +j3^+7 ^+^ ^)+m(a +/3 ^+7^+^f’)=0, 

/(o^+zy^-f y'^-f4'^)+m(«'+/y^+y^+yf^sx0 ; 
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that is, eliminating I and m, we must have 

= 0 , 

a'+/3V+y'^’+^?>’ 

or, developing, 

(«/3' — a'j3)(^— ^)+{«y— a'yX^*— 
the several terms in (^, ^), each divided by give respectively 

1, ?>+^5 

which are equal. to 

(f*, —qr, q^—pr, pr, —pq, p*); 

hence replacing also aj3'--a'/3, &c. by their values c, &c., we find 

(c, a, g, h){7*, — jr, i>r,_pr, — p*?, j>*)=0, 

or, what is the same thing, 


(A, /, c, A, «-/, — ^!5Ci>, <Z» ^)*=o» 

where the coefficients (af, A, c,y, h) satisfy the relation q/’+A^+cA=0; p, q, r stand 
respectively for 


yw-^z^, yz—xw, xz^jy. 

Writing for greater convenience 

(A,/, c, A, a — /, — 5 ')=(a, b, c, 2f, 2g, 2h), 
or, what is the same thing, 

(a. A, <?,/, A)=(b+2g, 2f, c, b, --2h, a), 

then we have 


«/*+ A^ + cA = ac4-b*+ 2bg— 4f h = 0. 


And hence finally we have for the equation of the scroll S(l, 3*), 

(a, b, c, f, g, hXyw—^*, yz-^xw, y*)»=0, 
where the coefficients satisfy the relation 

ac+b*+2bg— 4fh=0. 

The equations of the directrix cubic are of course 

2:*=0, yz--xw=^^i a:2--y*=0; 
and the directrix line is given by its six coordinates, 

(b+2g, 2f, c, b, — 2h, a) 


On the general Theory of Scrolls, Article Nos. 61 to 63. 

r * ^ 

61. I anne:^ in conclusion the following considerations on^the general theory of 
scrolls. Consider a scroll of the nthx>rder; the intersection by an arbitrary plane, say 
the plane w=0, is a curve of the nth order !/* 2')"=0 ; any point (x, y, z, 0) where 
(^» tlf satisfy the ^egoing equation, ia the foot of a generating, line; and we may 
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imagine this generating line determined by means of the coordinates (X, Y, Z, W), given 
functions of (j;, y, z) of a point on the line. This being so, the “ six coordinates,’* say 
(jpi S> ^)i of the line are 

X, Y, Z, W 


X, y, z, 0 

VIZ. 

2)=Yz— Z y, « =— War, 
y=Zar— Xz, ^ = --Wy, 


r=Xy— Yar, u=—Wz; 


or, writing for greater convenience — v in the place of W, the six coordinates of the line 
aro Pi Si ^i vy, vZy where q, r are functions of (ar, y, z), connected by the relation 
|>ar+yy+t> 2 != 0 ; and v is also a function of (ar, y, z), 

62. Consider the intersection of the surface by an arbitrary line the six coordinates 
whereof are (A, B, C, F, G, H); then for the generating lines which meet this line we 
have 


t;(Aar-f 1^+ Cz)4- Fp+ Gry +Hr = 0. 

And this equation, together with the equation y, 25 )*= 0, determines (ar, y, z), the coor- 

dinates of the foot of a generating line which meets the arbitrary line (A, B, C, F, G, H)- 
Since the order of the scroll is equal w, the number of such generating lines should be 
—n, that is, there should be n relevant intersections of the two curves, 

«;( Aar -f- By Cz) -f- + Hr = 0, 

(#Xar, y, z)’‘=0. 

But if {p, y, r, war, ty, vz) are each of the order k, the number of actual intersections 
is =kn, which is too many by {k—l)n. 

63. Suppose that the curves 

p=z0, q—Oy r=0y war=0, wy=0, vz=0, 

or say the curves 


j?==0, y=0, r=0, w=0 


have in common intersections, and let these be points of the multiplicities ots...otg 
on the curve (*X^> z)*=0 (viz. according as the curve does not pass through any one 

of the intersections in question, or passes once, twice, &c. through such intersection, we 
have for that intersection «j=0, 1, 2, &c., as the case may be, and so for the other inter- 
sections); then the kn points of intersection include the say the Xct 

intersections ; but these, being independent of the line (A, B, C, F, G, H) under considera- 
tion, are irrelevant points, and the number of relevant points of intersection is iv»— 
that is, if we have X»~(k—l)ny then the scroll in question, viz. the scroll generated by 
a line which meets the plane t&=0 in the curve (#X^> z)"=0, and which has for its 

six coordinates (p, y, r, wa?, ty, wz), will be a scroll of the wth order. 
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XVI. Algebraical Researches, containing a disquisition on Newton’s Rule for the Discovery 
of Imaginary Roots, and an allied Rule ajgplicable to a ^particular class of Equations, 
together with a c<mplete invariantive determination of the character of the Roots of 
the General Equation of the fifth Degree, &c. By J. J. Sylvester, M,A., F.R.8., 
C(yrresp(mdent of the Institute of France, Foreign Member of the Royal Society of 

Najples, etc. etc,, Professor of Mathematics at the Royal Military Academy, Woolwich. 

\ 

Beceivod April 6, — Bead April 7, 1864. 


Toms thorn to shapes and gives to airy nothing 

9 

A local habitation and a name. 

(1) This memoir in its present form is of the nature of a trilogy ; it is divided into 
three parts, of which each has its action complete within itself, but the same general 
cycle of ideas pervades all three, and weaves them into a sort of complex unity. In 
the first is established the validity of Newton’s rule for finding an inferior limit to the 
number of imaginary roots of algebraical equations as far as the fifth degree inclusive. 
In the second is obtained a rule for assigning a like limit applicable to equations of the 
form 2(aa?+J)'"=0, m being any positive integer, and the coefficients a, b real In the 
third are determined the absolute invariantive criteria for fixing unequivocally the 
character of the roots of an equation of the fifth degree, that is to say, for ascertaining 
the exact number of real and imaginary roots which it contains. This last part has 
been added since the original paper was presented to the Society. It has grown out 
of et foot-note appended to the second, itself an independent offshoot from the first part, 
but may be studied in a great measure independently of what precedes, and constitutes, 
in the author’s opinion, by far the most valuable portion of the memoir, containing as it 
does a complete solution of one of the most interesting and fruitful algebraical questions 
which has ever yet engaged the attention of mathematicians (*). I propose in a subse- 
quent addition to the memoir to resume and extend some of the investigations which 
incidentally arise in this part. The foot-notes are numbered and lettered for facihty of 
reference, and will be found in many instances of equal value with the matter in the 

text, to which they serve as a kind of free running accompaniment and commentary. 

• 

(*) I owe my thanks to my eminent Mend Professor Dn Moboak for bringing under my notice, in a marked 
manner, the original question from which all the rest has proceeded. As all roads are said to lead to Borne, so 
I find, in my own case at least, that all algebraical inquiries sooner or later end at that Capitol of Modem 
Algebra oyer whose shining portal is inscribed ** Theory of Inyariants.” 

IIDGOCLZIV. 4 I 
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Pabt I.— on newtons EULE FOE THE DISCOVEET OF IMAGINAEY EOOTS. 

(2) In the ‘Arithmetica Universalis/ in the first chapter on equations, Newton has given 
a rule for discovering an inferior limit to the number of imaginary roots in an equation 
of any degree, without pr6of or indication of the method by which he arrived at it, or the 
evidence upon which it rests(^). Maclaubin, in voLxxxiv. p. 104, and vol. zxxvi. p. 59 
of the Philosophical Transactions, Campbsll(’) in voL xxxviiL p. 616 of the same, and 
other authors of reputation have sought in vain for a demonstration of this marvellous 
and mysterious rule(*). Unwilling to rest my belief in it on mere empirical evidence, I 

(*) It appears to be the prevalent belief among mathematicians who have considered the question, that 
Nawtom was not in possession of other than empirical evidence in support of his iiile< 

(') Cakpbeix’s memoir is rather on an analogous rule to Nbwton’s than on the rule itself, to which he refers 
only by way of comparison with his own. In it the same singular error of reasoning is committed as in the 
notes of the French edition of the ‘ Arithmetica/ viz. of assuming, without a shadow of proof, that if each of a 
sot of criteria indicates the existence of some imaginary roots, a succession of sets of such criteria must indicate 
the existence of at least as many distinct imaginary pairs of roots as there are such sets (see par. at foot of 
p. 628, Phil. Trims., vol. xxxv.) — much as if, supposing a number 'of dogs to be making a point in the sWe 
field, the existence could bo assumed of as many birds as pointers. 

{*) Mr. Ajohibald Smith has obligingly called my attention to WAamo’s treatment of the question of Nxw- 
ton’s rule in the * Moditationes Analyticm.’ On superficial examination the reader might be induced to suppose 
that in part 9, p. 68, ed. 1782, Wabino had deduced a proof of the rule from preceding propositions ; but on 
looking into the case will find that there is not the slightest vestige of proof, the rule being stated, but without 
apy demonstration whatever being cither adduced or alleged. In fact, on turning to the preface of this (the 
last) edition of the * Meditationes,’ tho reader will find at p. 11 an explicit avowal of the demonstration being 
wanting. After referring in order to Campsbix’s, Maclachin’s, and Nbwton’s rules, as well as his own, for 
discovering tho existence of impossible roots, ho adds these words : 

At omnes hsc rcgultc prsedictm porraro invonerunt verum nmnerum impossibilium radicum in sequationibus 
multarum dimonsionum et adhuc demmistraUonejegent ; vulgaros onim domoustrationcs solummodo probant impos- 
sibiles radices in data lequatione continori, non vero quod saltern tot sunt quot invenii regulaj’ 

** Yera resolutio problomatis cat perdifiicilis et valde laboriosa ; cognitum est radices ex possibilitate per 
eequalitatem transire ad impossibilitutem ; ergo in genorali resolutione hujusce problomatis necesse est invenire 
casum in quo radices datte sequationis ovadunt sequalcs; resolutio autem hujus casus valde laboriosa esl^ et 
consequenter resolutio gonoralis praedicti problomatis magis erit laboriosa.” 

Written in Latin, and when tho proper language of - algebra was yet unformed, it is frequently a work of 
much labour to follow Wauixo’s demonstrations and deductions, and to distinguish his assertions from his 
proofs. I find he agrees with tho opinion expressed by myself, that Newton’s rtfie will not ** pene,” as stated 
by Newton, but only “ porraro,” give tho true number of imaginary roots. like myself, too, in tho body of the 
memoir WABwe has given theorems of probability in connexion with rules of this kind, but without any due 
to his method of arriving at them. Their correctness may legitimately be doubted. 

[Since the above was sent to press, I have been enabled to ascertain that the gx^t name of Evleb is to be 
added to the long list of those who have fallen into error in their treatment of this question : see Institutiones 
Calculi Differentialis, vol. ii. cap. xiii. He says (p. 555, edition of Frony), vldendum est utrum hssc duo 
criteria (meaning Newton’s criteria of. imaginariness) sint contigua necne ; priori casu numems radicum 
imaginariTun non augebitur; posteriori vero quia criteria lUUras prorsM diversas involvuntf unumquodque 
binas radioes imaginaiias monstrabit.” 

The force of the supposed argument is contained in the words in italics. It is sufficiently met by the ques- 
tion, why or how the conclusion follows from them? Moreover the letters of two non-contiguous criteria are not 
necessarily prorsus diverscs ; for two criteria with but a single other intervening between them will contain 

one letter in common.] 

*♦ 
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have investigated and obtained a deBoonstration of its truth as fu as the fifth degree 
inclusive, which, although |Mresenting only a small instalment of the desired result, I am 
induced to ofibr for insertion in the Transactions in the hope of exciting renewed atten- 
tion to a subject so intimately bound up with the fundamentAl principles of algebra. 

Before commencing the inquiry I oi^ht to state Ihat, in addition to the rule for 
detecting the existence of a certain number of imaginary roots, Newton has given a 
remaiicable subsidiary method for dividing this number into two parts, representing 
respectively how many of the positive and how many of the negative roots indicated by 
Discabtbs’s rule are, so to say, absorbed, and tiiereby obtains two distinct limits to the 
number of positive and the number of negative roots separately: of the, grounds of this 
method, as for as I am aware, no one has even attempted an explanation, nor do I pro- 
pose here to enter upon it ; the rule, as I treat it, may be stated, not in Newton’s own 
words, but most amply as follows : — 

If the literal parts of the coefficients of an equation affect^ with th£ usual binomial 
coefficients he a, b, c, d, e . . . h, k, 1, and if we form the successive criteria b*— ac ; c*— bd ; 

ce; . . . ; k*— hi, or, which is the same thing differently expressed^ if we write down 
the determinantsi^) of all the successive quadratic derivatives of th^ given equation^ then 
as many sequences as there are of negative signs in the arithmetical values of these criteria, 
so many pairs of imaginary roots at least there will he in the given eqwiticn. If we 
choose to consider d? and Z* also as criteria, appearing at the beginning and end of t^e 
series, then we may vary the expression of the rule by saying that there will be at least 
as many imaginary roots as there are variations of sign in the complete series so formed. 

It will, however, be found more convenient for our present purpose to confine the 
designation of criteria to the determinants above alluded to. 

(3) I shall deal with the homogeneous equation /fj?, y)=0 so that the question of the 


reality of the roots is that of the reality of the ratios - or It is obvious, from known 

^ d d 

principles, that / cannot have fewer imag^na^ roots than exist in or -^fOi or, more 

/ d d\ 

generally, than in dyj^* from which it immediately follows that if / have all its 

roots real, and the quadratic derivatives of/ be called Q, , Q,, .... Q,_i, and the coeffi- 


(‘) To avoid the possibility of misapprehension, I state here once for all, that in tho discriminant of a form of 
any degree I suppose the sign to he so taken as to nmdor pontwe the term which is a power of tho product of 
the first and last coefiicien|8 ; and it may be well to remember that with this definition the number of real roots 
in any equation » 0 or 1 to modulus 4 when the disoriminant is positive, and s 2 or 3 when the discriminant 
is negative ; whereas the Determinant of a Quadratic form is to be taken in the same sense as that in which 
it is used by Gauss, and is the some for such form as the Disoriminant with tho sign changed. 

(‘) This rule I find merges in the following more general and symmetrical one. I-et /, <p be any two qnan- 
tios in se,y; ooU the Jacobian of^, ^ J; then the difference betw©®!^ the number of real roots in jfand the like 
asunber in taken positively and augmented by unity, cannot exceed the number of zeal roots in J . When f 
IB made equal to y, this theorem recurs to the familiar one alluded to in the text. 

/ d d 

(J) By operating upon/ successively with any (n-‘2) distinct fiwtors each of the form ( 

4 I 2 
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dents of any function F of two degrees lower thanyj whose roc^ts are also all real, be 
i^i» the quadratic function j), Q, 4’i>aQ>+ ••• must have its roots 

real, e. its discriminant must be positive : a particular consequence of this is, that by 
causing F to consist suCfeessively of the single terms a:*”*, .... we see 

that the determinants of Q, , Qs, ... Qn-i must each of them be positive; or, in other 
words, if any of the Newtonian criteria of an equation are negative, it must have some 
imaginary roots, which is all that Maclaubin, Campbell, and others have succeeded in 
proving. 

(4) The labour of proof of the cases hereinafter considered will be much lightened by 
the following igole of induction, viz., granting Newton’s rule to be true for the degree 
w— 1, it must be true for all those cases appertaining to the degree n in which the series 
of the signs of the criteria does not commence with — |- and end with -j — : to prove 
this, we have only to remember that f must have at least as many imaginary roots as 

^ or and that the criterion-series corresponding to ^ and to ^ will be found by 

cutting off from the series of/ one term to the right and left respectively (®). If, now, 

the series for /begins with ++ or or -| — , the number of negative eequences is 

the same as when the left-hand sign is removed ; so that it is only necessary to prove that 
the number of imaginary roots in /is not less than the numbfer of negative sequences in 

but this, by hypothesis, is not greater than the number of pairs of imaginary roots 


in and, a fortiori^ not greater than the number of such in / In like manner, if 


the two last criteria of /are not -| — , it may be shown that the truth of the rule for 
such form of / is implied in what is supposed to be known to be true for 

We may therefore limit our attention, as we ascend in the scale of proof, to those 
forms of/ in which the criterion-series begins with — |- and ends with Accord- 

ingly, since the rule is a truism for ;i=2, it is at once proved, by virtue of the above 
considerations, for w=;3(*). 


d 

(*) 5^ (®» *» • • • ^ ^ y)""S 

and 

d , 

^ (a, 6, . . . Jc, rjfa?, y/sa n( hy...Je, y)""*. 

(’) The theorem for the case of cubic equations may be also proved directly as follows : 

Writing the equation aa?*+36iB*y+3c!cy®+<ly*«sO, the two criteria are — ae, — hd\ and the 

discriminant is — 36V — 6a6<!(fa A. 

1. Let L and M be of opposite signs, so that one and only one of them is negative. Then 


and is therefore positive. 

2. Let L and M be both negative. The equation may evidently, by writing a and y for oiw, <%, be brought 


under the form 


w* -|-3gflj*y-|-3^py -f-y*— 0, 


with the conditions q*<<s ; from which we may deduce that s and ^ are both positive, and S9<1 and >0. 
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If all the criteria ail zero, it is evident that, whatever n may be, all the roots are real. 
In every other case we shall find that mto may be made positive or negative at will. 
Thus in the case before us, if the two criteria are 0+ or 0—) there will be a pair of 
imaginary roots, as the first may be read a* — + and the second as +*— • 




To prove this, we have only to observe that in either case ^ will have two equal roots; 


so that /will be of the form which obviously, for any real values of 

a, c, has only one real root. 

(6) We may now pass to the case of w=4, and excluding for the moment the con- 
sideration of limit our attention to the criterion series — | — . 

Let be the equation for which the signs of the 

criteria i*— ac, c*— d*—ce are — -1 — . Call these criteria L, M, N respectively. It 

has to be proved that all four roots are imaginary, since there are two distinct negative 

sequences, each sequence consisting of a single — . Let x beCbme where % is 

an infinitesimal quantity, and transformed into one between u and y; then we have 

obviously, ^ ^ v , « v 

^«=0, ^^=056, ^<7=2^6, 6a=3c6, o^=4a8. 


^ L = 21)6h — dhc = 0, = 2chc — hhd — =(bc — ad)f , 


so that is essentially negative, since L is so. 

Hence, by continually augmenting x by an infinitesimal variation, we may, leaving L 
unaltered, so choose the sign of g as to decrease M : nor can this process stop when be --ad 
becomes zero, by reason that is negative. Hence we may reduce M to zero. Now, 


Also we have 

Aa.l+4(g»+^»)~6«^-3*Y 
>1 3 fY 
>1— 6*^+8(«ij)l— 3«V J 

or, writing =2*, A>1— 63r*+8gr*— 35-*, 

„ ... >(1-S')*(1+32)J 

bnt Hence A is positiye. 

Hence in either case two of the roots of the cubic are impossible. Or the same thing may be shown more 
immediately horn the identities 

a*A=(a»i+26*-3a6c)»+4(ac-6*)»» 

<f*A=:(<KP +2c»-36«f)»+4(W~c»)», 

so that A must be positive, and therefore two roots imaginary, if either or ca>h‘*. It may be noticed 
that the square and cube in these identities are semi-invariants, being in the first of them unaffected by the 
change of x into «+Ay, and in theaecond by the change of y into y+hx, 

. This method of infinitesimal substitution is that which I applied in my memoir “On the Theory of Forms,” 
in the Cambridge an^DubUn Mathematical Journal, to obtain the partial differential equations to every possible 
gpecies of invariants ^eluding covariants and oontravariants) of forms, or systems of forms, with a single set or 
various sets of variables, proceeding upon the pregnant principle that every finite linear substitution may be 
regarded as the result of an indefinite number of mnpU and separate infinitesimal variations impressed upon 
the variables. ' M. Asoitboii) has erroneouriy ascribed to others the priorify of the publication of these equations. 
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at the eonrse of this reduction, either N retains its sign or dian^ it; and if the latter 
is the case, N must haTO passed through zero. If when M becomes zero N is still nega- 
tive, tile criteria of the linearly transformed equation become —0—; and it may be 
noticed that its first, middle, and last coefficients must have the same sign, by virtue 
of the negativity of the two last criteria, and the second and fourth the same signs, by 
virtue of the zero middle criterion'; consequently the equation will take the form 

or 

which obviously has all its roots impossible. ITiis being true of the transformed equa- 
tion, will also, on the suppositions made, be equally so of the original equation. 

Let us next suppose that N changes its sign either at the instant when, or before M 
becomes zero. If M and N both become zero together, so that the criteria of the 

transformed equation bear the signs — 0 0, calling the transformed equation F=0, 

will have all its roots equal, and F will therefore be of the form with 

the condition (a^-l-A:)(a*5’)<0. 

Hence ^ is positive, and consequently F=0 has all its roots imaginary; and the same, 
as before, must hold good of the original equation /=0. 

It remains tlien only to consider the case when N becomes zero before M*vanishes. 
When this is the case, as soon as N is reduced to zero, in lieu of the substitution of 
X’\-ty for X, we must leave x unaltered, and continue substituting y-\-ix iox y. We 
thus start from the sequence — f-O; N will then always remain zero, and we must 
either come to the series ~ 0 0, which we know, from what has been shown above, cor- 
responds to four imaginary roots, or to the sequence 0+0, which I shall proceed to^ 
consider. 

Since the first and last coefficients must have the same sign, we may, by giving 
either variable a proper multiple (^^), make these two coefficients alike, and with the first. 


(“) (■) The form (1, e, e*, e, may bo regarded as a now and, for many purposes, useful canonical 

form of a binary quartic. It may be made to comprise within its sphere of representation all forms correspond- 
ing to two or four imaginary factors, but excludes the case of four real factors. The ordinary canonical form 
(l, 0, 6nt, 0, vY comprises within its spheres of representation those forms for whidi the factors are all 
real or all imaginary, but, so far as real transformations are concerned, excludes the cose of two real and two 
imaginary factors [that case is met by the form 1, 0, 6m, 0, — l^a?, y)^], as may easily bo established either 
by decomposing the form first named into its factors, or by the consideration that its discriminant A is 
(1— 9m*)*, and is therefore always positive; whereas if o form whidh it is used to represent have two real 
and two unreal factors, its discriminant is negative. If now the determiZant of transformation be D, and the 
discriminant correqmnding tiimeto be called A', we have A'=D*A, showing that D* is negative, and the trans- 
fonnation therefore unreal. 


C*) The redlxty of mf<v earih of tiiese eases (usually assumed without proof) may be demonstrated as followsr: 
CaQingthe cubie invariant and the disoriminant of any cubic form T, D, we shall have, usingthe ordinary oanonicol 

foiia, that when D is positive, which is the case of four real or unreal factors, there will 
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second, and tiiiid, as' as tlie third, fourth, and fifth coefficients form geometrical 
series; hence it is obvious that the transformed equation may be reduced to one or the 


other of the two following forms, viz. 

(a) 

or 

(h) 


with the condition in the latter case that e * — is positive, i. e, c*>l. 


bo ono real value of w, and when D is nogat^e, a real value of im. The former case possesses over the latter a 
striking distinction, which is that <tU the roots of m will bo real ; for, as I have shown olsewhero, if m is ono root 

the complete system of roots will be +tn, db”j^ 3 ^> i ^ latter case the reality of tho two values 


+im does not seem necessarily to imply tho reality of tho other 4 values of the system. 

(*’) Analogy suggests tho establishment of an analogous canonical form or forms for ternary cubics, of which, 
as is well known and is even dimly foreshadowed in Newton’s Enumeration of Lines of the Third Order, the 
theory runs dosely parallel to that of binary quartics. This will bo effected by assuming tho fortn 

y, z)=2af*+3«2:B®y+6yay*, 
and assuming y so as to make the discriminants of 


dF ^ ^ 

dx dy dz 


all 2oro. This gives rise to a quadratic equation in y, of which the roots are y=s, y=:c2«*— «. When y=«, I find 
* S=c(l-e)», T=(l--ey(l+4e-8e»), A=T»+64S»=(l+8s)(l-«)*. 

When y=2e’— «, I find A=(l— e)<(l— 4e);(l+2c/, where %j, k are integers to be determined. These forms 
will, I think, be found important in tho future perspective discussion of curves of tho third degree. Whilst I 
yield to no ono in admiration of the surpassing genius with which Newton has handled these curves, I cannot 
withhold the expression of my opinion that every theory of forms in which invariants are ignored must labour 
under an inherent imperfection, and that Newton, from want of acquaintance with tho indelible characters which 
their invariants stamp upon ctirvos, has in the parallel which he has drawn between tho generation by shadows 
of all conics from a common typo, and of all cubic curves from a limited number of forms, either himself fallen 
into error of conception, or at least used language which could scarcely fail to lead others into such error. For 
no species whatever of cubic curve can be formed for which an infinite number of individuals cannot be found 
which defy linear or perspective transformation into each other ; whereas all conics proper may be propagated 
as shadows from a single individual. It should bo noticed in connexion with this subject, that tho indelible 

characters of quartio binary, and cubic ternary forms are two in number, viz. the value of - (where $,t axe the 
two fundamental invariants in either case) and the sign of t. The indelibility of the sign of s being implied in 
the invariability of the value of ^ , does not constitute a distinct character. Of course all symmetrical invariuits 


have an invariable sign ; but this is not tho case with skew invariants, as ex. gr. M. Hebxite’s octodecimal inva- 
riant of a binary quintic, which will change its sign with that of the determinant of transformation. 

(^) Whilst upon this subject of invariants, I may allow myself to make a remark bearing upon what will be 
noticed further <Mn in the text about n case of equality between roots not necessarily being a mark of transition 
from real to ima gi na r y roots. If a, b, 0 , d being the roots of a binary quartic we form a'seoondary cubic, of 
which tho roots are (a— 6)(c— d), (a— «)(c2— 6), {ar-d)(b’^e), it may be easily shown that two of these quan- 
tities become equal, or, in other words, the roots of the original equating mark out a hann<mio group of points 
when t (the cubinvariant) is zero. Notwithstanding which a change of ■i g** in t will not oommand a change of 
character in the alK>ve tiiree roots of the Becondary(nor consequently of the original equation), beoauie it isnot 
an odd but an even power of vis. which enter s into the of the secondary. 
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It must be remembered that 'we know, £rom the form of th6 criteria-series to the 
derivatives in respect to either x or y (indifferently), that the equation must have some 
imaginary roots ; and the question therefore lies between its having two or four. If the 
discriminant is negative, the former will be the case, if j^ositive, the latter. 1 shall show 
that in each equation the discriminant is positive. * 

Let s, t represent in general the quartic invariants, then we have to show that s®— 27<* 
is positive. 

In case (a), + 1 ^ ^ =z^—e*— e*— e*— ®— d* 

=(H-c»)(l+3e®) e 

1 = 

so that 

and is positive. 

In case (i), 

a= (1 - V + 3^^)= (1 -^)(1 - 3e®) 

\ e 

t= e e* e 

^ e 1 =— «*=-e’(l-e®)®, 

and 

27^=(1 -«®)®((1 - 3e®)®- 27e\l-^)) 

=(1~^)®(1-V). 

The above can only be negative when e* lies between 1 and J ; but in the case supposed 
^>1. Hence the discriminant is positive, and the roots arc all imaginary (^®). Thus, 
then, the theorem is established for w=4, as well as for the cases where the criteria 
are zero (as will have been observed in the course of the demonstration), as for those 
where they are plus or minus ; and it should be observed that the demonstration proceeds 
upon our being able to show that the quartic, in the case where it resists reduction to 
the case of the cubic, viz. where the criteria are negative at the two extremes and positive 
in the middle, may by real linear transformations be changed into a form where either 
the middle criterion is zero and the two extremes negative, or the two extremes zero, 
and the middle one positive. 

(U) Xhe reader conyersant only with ordinary algebra may easily verify this result. For writing 

y so 

the equation becomes **+4es+6c*— 2=0, and this will have its roots impossible unless or 2e*~2 

negative, which it cannot be, since (?>-!, and consequently a : y has all its roots impossible. Horeover 
the same condusion would (as before shown) hold good unless e* lay between 1 and ^ ; for on making z=2, 
the function above written in z becomes 2+8e+6s% or 2(l+e)(l+3«); and making z=<- 2, it becomes 
2— 8s+6^, or 2(1— s)(l— -Ss), which faro quantities evidently have both positive signs unless e lies between 

1 and or between —1 and — 4 > Sturmian ihnetions are (except on that supposition) 

respectively positive and negative for ss=2, and also for 2, showing that no root of z can lie between 

2 and —2, and consequently that all the roots of « : y remain impossible. 
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OhsencMon , — ^To make the fore^ing demonstration quite exact, it should be noticed 
that when the criteria L, M, N have been brought to the form — 1-0, and the series 
of substitutions of y+i x for y has set in, we have 

N=0, ^N=:0, m=Nf=0, ^*111=0. 

Consequently if cd-^he should become zero^ we can no longer go on decreasing M. But 
as soon as cd— J^=0, since we have also d*=ctf, 5, c, d, e come to be in geometrical pro- 
gression, and the transformed equation takes the form 

aar*+4ft>a;*y4*6<»*ary+4<w*ary*+«V==0, 

with the condition negative, or a>l. Hence we have which 

obviously has all its roots impossible (^*). 

(6) We may now pass on to equations of the fifth degree, in which the case resisting 
induction will be that where the criterion-series bears the signs 

1 — I • 

Let the criteria be called L, M, N, P, so that writing the equation 

10ca;*y*-|- lOdry -+• 0, 

M=c*-^d, N=d*-c^, P=«‘~d/, 
and writing %r we have, as before, 

• iL=0, m={hc-ad)i, m=Lf*, 

so that M may be continually diminished. 

If M becomes zero before either N or P changes its sign, the criterion-series for the 

transformed equation becomes — OH , and for its derivative in respect to x, the series 

is 0 -f — > which proves the existence of four imaginary roots in the transformed, and 
consequently also in the given equation. In like manner, if N becomes zero before M 
or P have changed their signs, the criterion-series becomes — -|- 0 — , which obviously 
leads to the same result. So likewise the same inference may be drawn if L and M, or 
M and N, or L, M, N become zeros all at the same time, and wehave only to consider 
the case when, L and M retaining their signs, N becomes zero. At this moment the order 
of the substitutions must be reversed, and for y must be written y-^-tx ; we shall then have 

P=0, iP=0, iN=(dtf— ^)f ; 

(”) From the first and third criteria it follows that in the form (a, e, d, elj[a, a, e, e have tho same sign 

and may be regarded as all positiye; so that writing a— —■ah*, e — the form becomes AV+F+jfc*y*, 
where 

and consequently the given form will have all its roots imaginary when tiiis is true for P, so that we might 
liaye proceeded at once to deal witibi the forms marked (a), (6) at p. 685; but as the method of homographio 
transformation by infinitesimal substitutions appears to be necessary in passing to the corresponding forms 
•in the case of the fifth degree, and as in treaSng that case reference is made to what appears above, I have 
thought that no object would be gained by altering the text. 

HDCXXiLZiy. 4 K 
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ttUd reasoning as in the preceding case for ns=:4 (trith the sole difference, that if 
tanish^ by yirtne of dJs— ^Tanishing, we shotild hare P=kO, NatO, and the criterion^ 

series h ^ which at once indicates the existence of four imaginary roots), we see 

that there remains oi}ly to consider the case where the criterion-series takes the form 
0 4 * 4 * 0. It is scarcely necessary to observe that all the criteria can never vanish 
simultaneously; for that would indicate the equality of all the roots in the transformed, 
and therefore in the given equation, whose own criteria, contrary to hypothesis, would 
also be all zero. The zero values of the two extreme criteria indicates that the three first 
and the three last literal parts of the coefficients are in geometrical progression, from 
which it will immediately be seen that the equation to be considered may be thrown (by 
substituting in lieu of x and y suitable multiples of x and 5 ^, which will not affect the 
characters of the criteria) into the convenient form 

with the two conditions 8 ^ — vf positive, positive. 

The form of the criterion-series, apocopated from either end, shows that two of the 
roots must be imaginary ; and consequently, in order to establish the existence of two 
imaginary pairs of roots, it is only necessary to show that the discriminanLof the above 
equatipn, subject to the above conditions, must remain always positive. That discrimi- 
nant I proceed to determine; but as a guide to the form under which it is to be 
expressed, the following observation is important. Let us take the more general form 


where 


a=:l, d=:Xt, CsssfAt’, essTjj, fssl. 


X, fA being any numerical quantities. 

The discriminant will evidently be a symmetrical function of e and t. 

Let be the literal part of any term in the discriminant. By the law of weight 

we must have » . 

X 4=20. 

But in the equation before us, dJ^V’d'd*^ (to a numerical factor is i*'*’*^jj*''*'*, and 

(^?-f 2 r)— ( 2 s-|-#)=(g'-|- 2 ^+ 35 -f- 4 #)— 6 (s-f-f) 

=6(4— s-f*^). 


Hence the difference between the indices of 1 and n in each term is a multiple of 6 , 
and consequently, since the discriminant is a symmetrical function in f and 9 , it will be 
a rational integral frulction of and iti. Moreover, as no such term as o^d* can figure 
in the discriminant, which, as we know, must in all cases contain one or the other of the 
two final and of the two initial coefficients, we see that no term can be of higher than 
the 14th degree in 1 , e* nor yet so high, for the oily terms that could be of that degree 
would be b(fd^e; but making a and/ each zero in the original form, it becomea obiiotts 
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thtt all the temui firee from a andf contain as a iactor(^^). Hence, in fact, the 
discriminant will be only of the twelfth degree in f,, 9 » and being therefore of only the 
second degree in I'+s*, will admit of comparatively easy treatment. 

( 7 ) Before proceeding to the calculation of this discriminant, ^it will be useful to 
investigate, as a Lemma ancillary to the subsequent discussion, under what conditions 
four of the roots of the supposed equation will become imaginary when 

In this case writing --|-|s=:r, the equation 
,-^(1. llx, y)*=0 

I30COIII6S 
or sayy3!=0. 

The determinant otf^z) is thus (61— l)*~ 408 *H- 20 «-|-y, i. e. 6 (l— 8 )(l+ 3 s); and all 
the roots of «, and consequently of (ar, y), will be impossible, unless z lies between 
1 and — J. 

Now /(2)=H-68+108*, 

/(2)=3+68; 

so that whe^ z has any real roots, i. e. when s lies between 1 and — i. /(2). /'(2) are 
both positive, and the Sturmian functions are of the signs + 4 - 4 '* 

Again, 

/(-2)=5-158-M0I*=:6(1-8X1-28), 

•/(-2)=-5+58; 

so that, on the same supposition as before, the Sturmian functions are + — b, viz. 

H bwhen^>8>— J, 

— — h when l>e>^. 

In the former case two real roots, in the latter one real root of z lies between 2 , — 2 . 
Hence in the former case no real roots of z lie between the limits 00, 2 , and the limits 
— 2 , •— 00, and in the latter case one real root lies between those limits. Hence y 
will have four imaginary roots, unless % Ues between 1 and and two such roots in 
every other case. 

Thus the discriminant of ( 1 , 8, 8*, jj*, jj, ljar,y)*, when 8=^, is negative when 8 lies be- 
tween 1 and i, but fpr every other value of t is positive, save that it vanishes when 

1 = 1 , or 8=Jf®), or 8=— J. 

(8) I now proceed to calculate the discriminant of the form 
ir*H- 108*d?y 4- 10uVy*+ 

(**) For the disorinunant y) ^the discriminant of ^(47, y) xnnltqdied hj the square of the product of 

the resultant of (ar, p) and of (y, f). 

When the discriminant of does not vanish, hut zsm —2 satires the equation in s, and con- 
sequently - has two equal roots — 1 , so that the discriminant of the original -equation vanishes. 

y 

4s2 
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for general values of i, This will be accomplished most expeditioufily by taking the 
resultant of the two derivatives of the above form, say U and V, wh^ 

U =a?*4‘ + 6iVy*-l- 

V =M?*+4iVy+6^Vy*+ “by » 

so that 

lU-V ==6(«»-,>)ay-f4(«9‘-»7)^+(sfl-iy=y*P, 

-U+»jV==(6;?-l)ar*+4(fli»-f)iF*y+6(fl>-i>Ky“s=ar>Q. 

Hence 

JReandtant of (U, V)=j~Y )4 x of (y*P> si^Q)=^Bemltant of (P, Q); 

wli6rc 

P= 6(6®— j?*)^+4(g;7”— l)y*, 

Q=z (gfl— 1)^ -I- 4(^6*— 1 ) 3 ^ + 6(^*— f®)y*. 

Hence, calling A the discriminant, of the original form, we obtain by the well-known 
formula for the resultant of two binary quadratics, writing for the moment 

P=(B, 4>?A, AJa:, y)\ Q=(A, 4gA, B%x, y)\ 

A=(46A®- 4)7AB')(4fl a®- 46AB)H-(A»-BB')» 

=(l-166>7)A^+16(6®B+fl®B')A»-16gflBB'A»-2BB'A»+B>B'*. 


Hence writing 6;?=$', 6*-f 9 *=S, 

A=(l - 16yX?- 1)H 96(S-22«)(2t- 1)*- 72(8j+lX2’+J*-S)(y-l)- 
+36’(4’+j'-S)*. ’ 

Let S— 2'"~1=P> so that « 


Then 


S— 2j*=<r— + 

A=36®(T®+72(8p+9)j>®(r+96/<r+96(i?-|-l)®^*-(16jp-fl6)jp 
= 1296a* + (648^® -f 672^*)<r-f 96j>®-l- 1 76^*-|-81^S 
=4{108<r+27/+28i>»)*-f-729y+1584p‘+86V-(27i>»+28i?»)*}, 


or 

9 A= (108(r + 27i>»+2 8jp»)»+ 72/4- SOp*. 

(9) Hence we see at once that A can be negative only when jy lies between 0 and 
—ft-, i, e. when tn (which is ^4l) lies between 1 and ft. Accordingly when A is 
negative, f and s must be both positive or both negative. The laker supposition may 
easily be disproved as follows: treating the equation A=:0 as a quadratic equation in a, 
in order that A may be capable of becoming negative, its discriminant in respect £o 9 
must be negative, and its value when (r =— 00 is podtive. Now 

S=i»+)7‘, p4-l=e7, <r;=:S-(i?4l)»-(i)4-lJ’; 
so that when i and n are real we have 


S>2(^-|-1)»(“), i. e. <r>— (|?4l)»+2(^4.1)l— (jp4.1)» 

' 0*) It is ofoooise understood that (p-f 1)^ is to be taken positive. 
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when f , 9 are both: positive, and 

S<-2(i»+l)H““*), i. e. er<(p+l)Ml>+l)‘-2(i>+l)f 

when f, ti are both negative. 

If now we substitute 2(jp+l)^ for 0 ^ in A, I say that the resulting 

value will be positive whatever positive value be given to (i>+l); in fact, if we write 
p=i'*— 1, and make ff=— /, so that A becomes a function of the twelfth degree 
in »j this function is what the discriminant of the equation in or, y becomes when we 
have 9=fi=f>; but in the antecedent Lemma it has been shown that this discriminant is 
only negative when the two equal quantities s or or, which is the same thing, when ¥ 
lies between 1 and ^ ; hence A is positive when » is negative, and consequently when 

(r=(i>+l)*+(i^+l)*-2{i)+l)i 

Thus A, a quadratic function in <t, and its discriminant are respectively -|- and — for 
this value of <r, as well as for 0 ’= — 00 . Hence no real root of a* lies between such value 
of flr and —oo , and consequently A must be always positive when < and j? are both negative. 
Hence, if A is negative, we must have f>0; >;>0. But our criteria give 

0 , ^ 8 *> 0 , 

which, when s> 0 , >;> 0 , imply and consequently 8*7 > 1 , which is in con- 

tradiction to the inequality 1 > ttj. Hence when these criteria are satisfied the determi- 
nant is necessarily positive, and all the roots are imaginary, which completes the proof 
of Newton’s rule for equations of the fifth degree. 

(10) It follows as a corollary to the Lemma employed in the preceding investigation, 
that if in A we write ff=— (•»*-— 1 >*)* and — 1, and distinguish this particular value by 
the symbol (A), then (A) ought to break up into the product of odd powers of 1, i'— • J 
of some even power of and of a factor incapable of changing its sign, and remain- 

ing always positive. This may be easily verified ; for dividing (A) by (j»— 1)*, we obtain 

1296k*(648(>4-1)’'+24(v>-1)(i»+1)*)/+96(v>-1)>(v+1)*4-176(i^~1)(f4.1)*4.81(v+1)*; 

and collecting the terms 1296i'®--648»'*(v-|“l)*-f’81(j'-f-l)* whose sum contains the factor 
(y— 1), we have 

648(^+.*+^+,‘+»*+»*+>'+l) 

— 1296( ,*+»•+, 

- 648{ 

+ 81( ,^4.5.>4.11,4.16) 

- 24(»'+3**+3»'+.‘) 

+ — 61^— 9ii* — 61'— 1) 

+ 176( .*+6>‘+10»*+10»*+6»+l) ■ 

=720i?-240»«-328»*+40»*+66»»+6f*-6»-l. 

Hence 

{A)=(i.-l)X2»-l)*{90»‘+106»*+49»>+ll»-(-l) 
=(.-l)Y2»-l)’(3»+l)’{10.»+6»+l} : 

C*^) It u of conn. nndMttood tlut (p+l)4 is to be tekeujwtfiMi 
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showing, agreeably with what was seen in the Lemma, that the diac rimin ant of 

(1, «», ••, I, ii4f, tfY 

vanishes then, and then only, when 

1 = 1 , or i=J, or f=— J, 

but does not change its sign, except as t passes through the limits 1 and i, and only 
within thosd limits can become negative (”). 

(11) Although the theory of the possibility of the roots of (1, ri, IX^r, y)‘=0 
has now been completely investigated, so far as is necessary for the proof of Nbwton’s 
theorem applied to equations of the fifth degree, it will be found that the labour will not 
be ill spent of considering more closely the real nature of the criteria which separate 
the case of one pair from that of two pairs of impossible roots in the above equation. 
Newton’s criteria being constructed so as to cover every possible case for equations of 
every degree, will always bo found to fit loosely, so to speak, upon each case treated 
per se ; so that more precise conditions can be assigned in each particular case than those 
which are furnished by his rule. So, es:» gr., it may be remembered that in the equation 
(1, e, e*, e, Newton’s rule implies only that when ^>1, the roots are aU 

impossible; but we have found further that unless 1>^>} (a much closer condition), 
the same thing takes place. 

It is obvious from what has been demonstrated above, that if we treaty and s, which 
are respectively 1 and *”•*!?*» as the abscissa and ordinate of a variable 

point in a plane, the curve AssO, i. e. (108ff+27p*-H28p®)*-t-72p®-f 80p*=x0 will be 
the line of demarcation between those values of e, n which correspond to one pair, and 
those which correspond to two pairs of imaginary roots. 

For all values of corresponding to internal points of the curve A there will be two 
imaginary and three distinct real roots ; for all such as correspond to external points 
there will be four imaginary roots, and for points on the culwe two imaginary and two 
equal roots. 

The curve A is a curve of the 6 th degree whose form •will presently be discussed. 
But there is an important remark to be made in the first iustdhce. Not all the points 


('^) In general the case of equal roots of an equation is the state of transition of two real roots into imaginaiy, 
or viee vered. But we see by the above instance that this is not necessarily the case ahoaye, for A vanishes on 
making s= — and two roots become equal without any change in the nature of the roots when s passes 
from being greater to being less than — In such case, however, there is a sort of unstable equilibrium in 
the form of the equation, by which I mean that the effeettef any general infinitesimal change performed ufion 
the coefficients of the equation would bo either to cause the real roots in the neighbourhood of s s — ^ to dis> 
appear by the factor (s -4*^/ becoming superseded by a quadratic fimetion of $ •with impossible roots, or else a 
region in the neighbourhood of g= would reappear, for which the equation would acquire two real roots, 
owing to (s+i)’ becoming superseded by a quadratic fraction of a -with real roots, in which case there would 
be two values in the neighbourh^ of — L oocA of which there would bo a pair qf equal roots in the equa- 
tion. The above is probably the first instance distinctly noticed of this singular obliteration of the usual cWeH 
upon real and imaginary roots of a paesage. through equality, owing to the appearance of a square fhotor in the 
disoriminant. 
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witiiiii the cture ^ will correspond to retd yalnes of i, e* In order that these quantities 
may be teal^ we must haye 

i. e. <r-f where £=p+l, 


or 

(r*+ > 0. 


Writing this inequality under the form R>0, we see that the curve R=0 will repre- 
sent a second sextic curve intersecting the former. A may be called the curve of 
the discriminant or discriminatrix^ and will be a close curve, and R the curve of equal 
parameters or equatrix^ and will consist of a single infinite branch. All points on the 
latter correspond to equal values of s, those on one side of it to real values of i, ij, 
and those on the other side of it to conjugate values of the form \—ifA respectively. 
Thus the area confined within the curve A will be divided into two portions by the 
equatrix, and it is impossible to shut one’s eyes to the inquiry as to the meaning of the 
variable point lying in- that portion which gives conjugate values to i, t). It becomes 
clear by analogy that some kind of distinction must be capable of being drawn between 
the nature of the roots of the equation (1, i, f*, ti\ ti, IJar, y)*=0 when i, ^ are conjugate, 
in some sense similar or parallel to that which we know to exist between them when i , s 
are real ; and obviously this inference cannot be confined to equations of the particular 
form and degree of that above written ; in a word, equations whose coefficients are not real 
but conjugate, must have roots of two kinds, one analogous to the real, the other to the 
imaginary roots of equations with real coefficients. This inference will be justified 
in the sequel ; but in the meanwhile it will be desirable to complete the investigation 
of the special equation under consideration, by a discussion of the forms and relations 
of the two curves A and R. These curves we know d priori^ from what has been already 
demonstrated, can only meet in the three points corresponding to 

%=:j7=l, i=)7=— I; 

and since = 817 — 1 , the abscissae of these three points will be 0, — J, — f. 

Moreover the 3rd point will be distinguished from the other two by the circumstance 
that A does not change its sign as p passes through the value — f. Consequently 
the two curves must touch each other at this point. 

Since when A=0jp lies between 0 and —'ft, the curve A is confined to the negative 
side of the axis of a. It is also confined to the negative side of the axis of p. 

For between the limits _p=0, p = —ft, 

64^*-|-fi72^*, i e. 24(27p*-f 28^*) is obviously positive, 

and 

96^®-i-176^*4*81p*= ^{(2^-|-22)*-|-2} is always positive. 


Hence the two valifi^ of ^ are both n^^tive throughout the extent of the cturve A. 
Thus I'-f iV— iV being negative, s*— s* and have the same signs Whe& s, a 
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are real, as should be the case ; for in order that A may be capable of vanishing, f(i*— 
and must, by Newton’s rule, be both negative, which could not be the case if 

either • or j? were negative; so that i*— and i* must have the same signs, in feet 
each must be negative. 

The curve A under consideration has a multiple point of the 4th order of multiplicity 
at the origin, where it is touched by the axis of p. Its distance from the axis for the 
extreme value oip, viz. p=— is 

It has three real maxima and minima, two belonging to its upper portion and one to 
the lower portion at the points, for which has the approximate values — ft-* “"H* 
and — J(“). 

The curve R, i. e. <y=((p+l)d:(i>+l)*)*» has the values 0 and —4 at the origin, a 
cusp at its extremity corresponding to^=— 1, where both of its branches meet and 
touch the axis of jp, and a negative maximum in its upper branch at the point where 

i>=-f 

At all points within the curve R, f and n are conjugate, and for the points outside real. 
Its lower branch will meet and touch the lower portion of A at the point where 
and its upper branch will intersect and pass out of the upper branch of A at the point 
where The only part of the area A therefore which corresponds to real values 

of f, n, is that which is included between the upper segment of A and the upper branch 
of R, and extends only from^=0 to^=— f, i. e. from tri=l to Hence we may 

easily find an inferior limit to the values of s and fi when the equation (f, ti) has two real 
roots; for we have in that case j, fi, i*, e*— all positive. Hence 

Consequently 8, n must each of them always lie between ; and since the least value 
of q is J, f, t} must each be always greater than (J)^, i. e. than *33499 (“). 


(>•) The large numbers which enter into A may bo usefhlly reduced, and the equation A =0 made more 

2 Tv 9 t 4 

manageable, by aid of the simple substitutions pss — The equation AssO then becomes 


(v— 3tt*+ 7«*)*=2w*— 6u*, 

whose TwftTimft and minima will bo given by the equation 

(v~3m>+ 7«»)(~ 6tt + 21t*»)=6M«~ 16u‘ ; 

which, m Airing 1 — > 3 u=w, becomes 

270»* — 46«;* — 0»+l=O, 


whose roots are all real, and are one just a little greater than another a little less than and the third 
a very little less than respectively ; whence — 1) will have the approximate values given in the text. 

(’*) a : n will have a iwa-yimnni value, which can be found by writing ^a : : : a : q ; and consequently, remem- 

bering that qssjp+lf 8=1*+^*, a'=S— 7*— j*, 

iBi Sq:: 58: 2q, 

and therefore 

itr: ip:: 6flr+q*— : 2j : ; 6a'+J>(l>+l )* ' ^Cp+l). 


Substitoting the values of iv : in jA=sO, and combining the result with the equatitSn AbO, p and v may he 
found by the soliriion of a numerical equation of the 6th degree, and then a and ^ may he found hy the solution 
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There is a third curve not undeserving of notice, of only the 3rd degree, which 
embodies the joint effect of the two middle criteria (the two extremes being supposed 
to be each zero) in the two cases where Newton’s rule will prove all the roots of the 
equation under consideration to be impossible. These criteria are c, =!*—«»•, V*. 

S)=£(2j»— J*— 

which for all values of q on the positive side of the line|?=— 1 (i. e. j=0)*will have the 
same sign as J*— which we may call K(*®); and K positive will evidently imply 
that c,, c, are one or both of them positive. The whole plane will be divided by the 
curve K into an v^er region (commencing at <r = oo), for which K is negative, and a 
lower region, in which K is positive. For any point of the curve K, g-*? which 

within the limits of q with which we are concerned, viz. those within which A lies, 
is negative ; for any point of the curve R, the smaller absolute value of a is 

— 2 *), 

which <2^—2* within the limits in question. So that, remembering that each of these 
values of tr is negative, we see that the portion of the area A corresponding to real values 
of I, ti will be completely above the curve K, i. e. in the negative rftgion of K, and that 
accordingly A for real mines of i, ^ can never vanish when K is positive, as should be 
the case. This remark does not, however, apply to the conjugate region of A ; for the 
curve K willjp<W5 throughi^^) the lower or conjugate portion of the ^ea A. • 

(12) I may now say a few words on the signification of that portion of A in which i 
and n are conjugate imaginary quantities. 


of a quadratio and the extraction of 5th roots. To find the maxima and minima values of s and i; themselves 
exactly would load to the solution of an equation of a degree quite unmanageable. 

But we may first find the greatest maximum and least minimum values of S, i. e. I'+i}', by making 
}0's=(2g+32’)jj' in jA=0, which leads to an equation (I forget whether) of the 3rd or 5th degree (it is one of 
the two) : calling this maximum and minimum m, (a respectively, and naming f (which of course must exceed 


unity) the greatest quotient of ~ or we shall have 




il 


•a/ 


i+|i ”•>• i r+? 

These limits will be tolerably near to the absolute maximum and minimiim values of s or i}. It may be noticed 

that we know, from what has gone before, that f can never exceed consequently cannot exceed 4, 

since q is always >1. 

ni call K the Indicatrix, as exhibiting the joint effect of the indicia or criteria of the Buie. 

(”) This may easily be verified ; for at the point ^ it will be found that the ordinate in K and the lower 
ordinate in A ore equal, and at the point jjss— ^ the lower ordinate in A is — 7 ^ir» and in E is — 
which shows that the curve K entering the area A when at the lower half of the curve, at a point where 
must pass through its upper contour in order to cut the Hwa ps — as it does above the point where A 
is toudied by that line. ^ 

The curve K has its negative maximum at the point gss|, i. e. jps— It passes through the or^, and 
begins with swe^ing under the curve A, which it enters exactly, under the point where B quits A, and passes 
IfDOCCLXIY. 4 L ^ 
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In general, let 

(a+i«, c+ty* y)’*=0 

be an equation in which all the coefficients, reckoning simultaneously from the two ends, 
are conjugate to one another, and the central coefficient, if there is one, which can obly 
be when n is even, real. 

Let satisfy this equation. Then evidently will also satisfy it; or, 

y ^ 

which is the same thing, “=5 t^ will satisfy it. 

Now either this root will be identical with the former one, or a distinct root ; in the 
former case we must havey>’-fg^=l, and the root will be of the form cos a-fi sin « ; in 
the second casey>’-f‘j?’ will differ from unity, and there will be a pair of imaginary roots 

of the form f(cos «+« sin a), j(cos a+t sin a), in which the real parts f, “ are reciprocal 

to one another, and the directive parts e""** identical. Moreover, if we write the given 
equation imder the form U+iV =0, and suppose, as can always be done, that U and V 
have been divested of any algebraical common factor, it may easily be shown that the 
equation so prepardh, and which may be called a Conjugate Equation proper^ can have 
no real roots and no pairs of irnaginary roots in the sense in which that tem is employed 
in the theory of equations with real coefficients ; but the distinction between ample or 
solitar/ and twin or associated roots reappears in the theory of conjugate equations, 
under a different form. It will of course be understood that the class of simple roots 
for which the modulus is unity is quite as general as that of twin roots, for each of 
which the modulus may be anything different from unity, just as in the ordinary thecuy 
the case of real is quite as general as that of imaginary roots, although the former may 
be represented by points on a fixed straight line, whilst the points representing the 
latter may be anywhere in the plane, this liberty of displacement being balanced, so to 
say, by the constraint of coupling. The general geometrical representation of the roots 
of a real equation is a system of points in a line, and a system of pairs of points at equal 
distances on opposite sides of the line. So the general geometrical representation of the 
roots of a conjugate equation will be system of points in the circumference of a circle to 

through A ftt a poiht very close indeed to the horuontal extremity of A. It may be noticed that when 
the smaller ordinates of E and A are each the ordinate of K and the larger ordinate of A being 

each — 

I have found the points of contact of K with A by actually substituting 9 *— e.p(|>+l)* fi>r 0 ^ in AecO. 

This gives the equation ^ 

2084pH735V+982^+683%>+1296=0, 

one foetor of which is ^+8, dividing out which wp have 

180%>+4S2«O. 

The Newtonian criterion applied to the three first coeffioients of the above gives — 1862|, Ihowing tiuHt tW6 df 
the roots are impossible ; the remaining real root 1 find to be *8946, &o. It does hot aj^peat to be a rstihnal 
number. 
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r^ius unity, and of points situated in pairs in the same radii at reciprocal distances £rom 
the centre. In a word, in each case we may say that the roots can be geometrically 
represented by points on a circle, and pairs of points electrical images of each other in 
respect to the circle, bu| the radius of the circle in the one case will be infinity, in the 
other unity. Conjugate like real equations will have all their invariants of an even 
degree real, and those of an odd degree will be pure imaginaries, or real quantities 
affected with the multiplier e. Their morphological derivatives (covaSants, contrar 
variants, &c.) will be also conjugate forms. The whole doctrine of equations, as regards 
the separation of real irom imaginary roots, and the determination of the limits within 
which the former lie, will reprodujpe itself with suitable modifications in the theory of 
conjugate equations, in which simple, on the one hand, and coupled or twin roots, on 
the other, will correspond respectively as analogues to the real and imaginary roots of 
the ordinary theory. Thus the following theorem may be demonstrated without diffi* 
culty, viz., in any conjugate equation the number of coupled roots is congruent to 0 in 
respect to the modulus 4 when the discriminant is positive, and to 2 in respect to the 
same modulus when the discriminant is negative (”). We see now how to interpret the 

• 

(") (*) A very sianple linear transformation shows the immediato connexion between the solitary and asso- 
ciated roots of coigugate with the real ar^ paired imaginary roots of ordinary equations. For if /(d?, y)=0 be 
a conjugate eqimtion, writing 

y=:v+t«, x^v—iUf 

f(Xf y) becomes F(tt, v), a real form in u, v. 

Whmi u, e are real, we have 

V 

when -=^±vy, the two values correspond to 

/yV c—iY+j 

s?“c-h»y— i* \ttj ““c— iy— »’ 

Thus 

also 

• ^ V /yV <^-l+y‘+2ei 

K \a) c*—l +y*—2ci* 

of whidb the moduliu is obviously unity. 

(^) How it is known that if t be the number of real, and r of imaginary roots in the real form, (u, v)", its dis- 

<(«-!) 

criminant, bears the sign (*-*) s Bence the sign of the discriminant of the conjugate form (Xf y)** (since the 
detenoinant of v+uc, v-^u is 2t) will be (—’)*, where 

■ I <(t-l) _ («+TK<-l+r)+((<-l) ... „ , ^ , r(r-l) 

* 2 “ 2 — «(«— 2 — • 

« 

Henee dnce r and are both even, (—)«=(— )'Sr^, and tire sign of the discriminant of a eoigugato 

form is 4- (nr — according as t^ number of imaginary roots does or does not contain 4 as a &ctor. 

It mnst be remembered that tiie sign of the discriminant is not in general the same as that of the ssta or 
squared product of differences of the roots, lire sign of the xeta for real equations follows precisely the same 
law as the sign of the ditcrimnant for conjugate o niw . 

4 L 2 
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effect of the variable point %ho8e coordinates are ond tn lying within the area A, 
in that portion of it for which i, n became imaginary ; viz. it is that in such case the 
equation (f, ti), which then becomes of a conjugate form, will have three simple and two 
twin roots ; and thus the unity of the interpretation is restored if we choose, as we very 
well may, to extend the use of these terms to the real roots and the paired imaginary 
roots of ordinary equations. We may neglect the curve of reality R altogether, and 
affirm that alf over the area A, s, n will have such values as will give rise to three simple 
apd two coupled roots. 

(13) That part of the theorem of Newton which had received a demonstration from 
Maclaubin and Campbell in the generalized form in which I have enunciated it in this 
paper, may be easily extended to the case of conjugate equations. It will, as applied 
to them, read thus: If the (w—l) quadratic derivatives of a conjugate form of the nth 
degree, all whose roots are simple, be multiplied respectively by the coefficients of any 
other conjugate form, all whose roots are also simple^ of the degree («— 2), and the sum 
5f these products be taken as a new quadratic form, the discriminant of this latter must 
be positive, or, which is the same thing, its determinant must be negative. 

(14) So much for the case of w=6. If we^were to proceed to the consideration of equa- 
tions of the 6th degree, two cases of resistance would |)resent themselves in the demon- 
stration of Newton’s rule, viz. one in which the signs of the criteria are — + + + ““» 

the other — | 1 — . In the latter it would only be necessary to show that the 

discriminant is necessarily negative, since we know from the derivatives that the equa- 
tion must have four imaginary roots, and the choice would lie between the alternatives 
of there being four or six. In the former case the derivatives only indicate the neces- 
sary existence of two real roots, and it would become requisite to prove that there must 
be four Or six — an alternative which depends not on the sign of one function of the 
coefficients, but on the nature of the signs of two such functions given by Stubm’s or 
any equivalent theorem. It would thus become requisite to prove that two functions 
of the coefficients, say L, M, could not both be negative ; and this might, be shown by 
demonstrating the existence of two quantities, L', M', other functions of the coefficients 
incapable of assuming any but the positive sign such that L'L+M'M would be necessarily 
positive. 

Pare II.— ON THE LIMIT TO THE NUMBER OF BEAL ROOTS IN EQUATIONS 

OF THE FORM ECaaf+J)". 

(15) 1 shall now proceed to the consideration of a theorem relating to a particular 
class of ordinary equations, which occurred to me in the course of and in connexion 
with the preceding investigations. The theorem itself, but unaccompanied by proof, has 
appeared in the * Comptes Rendus’ of the Academy for the month of March 1864. 

Both as regards its nature and the processes involved in tlA proof, it stands in close 
relation to Newton’s rule, my study of which in fact led me to its discovery. It will 
therefore take its place most appropriately in this paper. 
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Certain preliminary properties of circulation introducing fiA>me new notions of polarity 
must be first established, by way of Lemmas to the proof in question. 

By a type let us understand a succession of symbols of any subject matter whatever 
susceptible of receiving the signs -I-—, or any suchlike indications of opposite polarity. 

Let a, d, c, ... A:, I be any such type, where the elemmts <z, 5, c, ... may be regarded 

either as points in a line or rays in a pencil affected respectively with the signs of*H- 
and — . 

Then by e. per-rotatory circulation of such type, I mean the act of passing from the 
first element to the second, from the second to the third, &c., from the last but one to 
the last, and from the last to the first. 

By a trans-rotatory circulation of the same, I mean the act of passing from the first 
to the second, the second to the third, &c.y from the last but one to the last, and from 
the last to the first, with its sign reverseU. 

A type considered subject to per-rotatory cir 9 ulation may be termed a Per-rotatory 
Type ; one subject to the other sort of circulation, a Trans-rotatory Type. 

If o, by Cy dy she B. per-rotatory type, its direct are 

a, by Cy dy Cy 

by Cy dy Cy ay 

Cy dy By tty by 

dy By ay by Cy 

By a^ by Cy dy 

and its retrograde phases 

O, By dy Cy by 

By dy Cy by Ofy 

dy Cy by tty By 

Cy by tty By dy 

by ay By dy C. 


If, on the other hand, a, A, c, dy b he b, trans-rotatory type, its direct phases will be 


and its retrograde phases 


tty by Cy dy By 
by Cy dy By ay 
By ay by 
dy By ay by Cy 
By Oty by Cy dy 

ay By dy Cy by 
By dy Cy by ay 
dy Cy by ay By 
Cy by a, By dy 
by Oy By dy Cy 
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where the sign (*<•) ia, for greater convenience of writing, placed over instead of before 
the elements which it affecta; and so on in general a type of n elements, whether per* 
rotatory or tnma-rotatcury, will admit of n direct and n retrograde phases. 

If we count the number of variations of sign in the circulations of any phase of a 
per*rotatory type, this number will be the same for all the phases, and vrill be an even 
nuhiber ; this even number may be termed the variation-index of the type. 

So, again, if whatever be the original signs of the element in a trans-rotatory type, we 
count the number of variations in the circulation of any of its phases, this number also 
will be constant and will be odd, and this odd number may then be termed the variation- 
index of the type. 

(16) Let any phase be taken of a per-rotatory type, and out of such phase let any 
element be suppressed ; then we obtain a type one degree lower in the elements, which, 
if we please, we may consider as a trans-rotatory type, and such trans-rotatory type 
may be termed a derivative of the original per-rotatory one. 

« In like manner any phase being taken of a trans-rotatory type, one element may be 
suppressed, and the reduced type treated as a per-rotatory one, and termed a derivative 
of the original trans-rotatory one. 

We may now enunciate the following important general proposition, viz. 

Any trans-rotatory type or any per-rotatory type whose variation-index is different 
from zero being given, a per-rotatory derivative of the one and a trans-rotatory deri- 
vative of the other may be found such that the variation-index of the derived types in 
either case shall be less by a unit than the variation-index of the types from which they 
are derived. 

Case (1). Let the given type be per-rotatory. Then by hypothesis, since it has some 
variations, we may find a phase of it beginning with and ending with — , by which 
I mean beginning with an element that is positive and ending with one that is negative. 
This gives rise to two sub-cases. 

T, the phase in question, will be -f- -1 — 

0, the phase in question, will be . 

In either sub-case let the last sign be suppressed, and the result treated as a tranS-rotatory 
type ; then T, 0 become respectively T, ©'j where 

T^is *!■•••••'• ’f’ 
and 

0' is -|- — 

and evidently the variation-index of T — variation-index of T'= number of changes of 

sign in H 1- less changes of sign in — =2—1=1; and again variation-index of 

0— variation-index of 0^= number of changes of sign in h less changes of sign in 

— —=1—0=1. Hence the theorem is proved for the case where the given type is 
, per-rotatory. 

Case (2). Let the given type be tram^otatory. 

Then, again, there must either be a phase oi the form P, or one of the form O, where 
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P represents a of fligiuof the same name as 'f + , 4* or—— . , 

and 4> represents a succession b^finning with one sign as + &ad ending with .one or 
more signs — , or else b^iinning with — and ending with a succession of signs 4*. 
Essentially, then, as a change of signs throughout a whole succesnon does not affect 
the vaiiation-index, we may suppose 

4 *+, 

• 4 " » 

the signs intervening between the two expressed signs — in being filled up in any 
manner whatever, and those between the two signs + with signs exclusively +. 

Let now that phase of <I> be taken which commences with the first sign of the final 
succession of +• Then <1> becomes 

(<!))= 4 - ... -|_ 4 - . . 

which is of the form 


so that P is only a particular case of (O).* If the last sign in (O) be suppressed and 

the result treated as a per-rotatory type be ctdled (O)', so that (<^yss-{‘ 

have variation-index in (<!>)— variation-index in (^)'= changes of sign in — f- less 
changes of sign in 4-4“=l*“0=l* 

Hence the proposition is established for both cases. 

(17) The theorem to which this Lemma-proposition is to be applied concerns equa- 
tions of the form 

i,w?4-0 . . . 4-fX=0, 

where u„ . . ., u, are any linear fiinctions oi x, y\ m is any positive integer, and 
fi, f,, . . . tn are each respectively and separately, either jiiW unity or minus wnity. 

Such an equation for convenience of reference may be termed a superlinear equation, 
and the fimction equated to zero a superlinear function. 

Every superlinear function may be conceived as having attached to it a pencil of rays 
constructed in a manner about to be explained. 

1. We may conceive the function to be prepared in such a manner, that supposing 
ax-^-hy to be any one of the n linear elements Uy every b shall be positive. If m is even, 
this can be effected by writing when required for (tx-^-by, —ax— by without further 
change. If m is odd, we may write when required —sui—by in place of ax-\‘byy 
changing at the same time the factor i, which appertains to {ox—byY from 4-1 to —1, 
or mce versd, from —1 to 4-1. 

# Now take in a plane any two axes of coordinates 0$, Os, and consider Oyb zb the | 
and 9 coordinates of a point All the n points thus obtained, on account of every b being 
positive, will lie on the same side of the axis Os, and thus the entire n linear fimctionB 
will be represented by a pencil of n rays, the two extreme rays of which make an angle 
less than two right angles with each other; but each term of the superlinear funcrioil 
contains, besides (fiur4-^)'*, a definite multiple 4-1, or —1, and we must accordingly, to 
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completely express such term, conceive every ray affected with a distinct sign + or — . 
A pencil thus drawn with its rays so polarized will give a complete representation of 
any given superlinear* function, and may be called its type-pencil (^). 

1 am now able tovstate the following proposition : 

(18) The number of real roots in a siwperlinear equaUon canmot exceed the variaMonr 
index of ite t^e pencil^ regarded as a peiM'otatory type, if the degree of the egmtUm he 
even, and as a iran/s^otalory type if the degree of the equation he odd. I prove this 
inductively as follows. 

1. Suppose the theorem to be true when the variation-index of the type-pencil is 
not greater than the even number y, and consider an equation of the odd degree (2e+l), 
for which the type-pencil viewed as trans-rotatory has the variation-index 

Let a phase of this type be taken, say corresponding to the rays ... fa, fi, such 

that the per-rotatory type obtained by striking oqt the term f, has the variation-index y 
(as we know may be done by virtue of the Lemma). 

Take for new axes 0$', Oj/, when OS' coincides with f, ; then it is clear that the 
pencil fn-i . . . fa> fi will still serve as a type-pencil to the given function, the only 
change being that some of the rays, namely those that did lie on one side of f„ have 
been inverted in direction and changed in sign (corresponding to a change in the coeffi- 
cient a, h, accompanied with a change in the sign of the corresponding «), whilst the 
rays on the other side of f, have been left unaltered. 

The points (a„ i,), («„ i,) . . . (»„, hj corresponding to the rays f„ f,, . . . will, with 
respect to the new axes, change their values, becoming converted into (a„ 0), (a„ /3j), 
(«8> • • •.(«•.? Mi where jS,, ft, . . . ft will still all be positive, the angle between f, 

and being the same as between the two extreme rays in the original figure of the type^ 
pencil, and the superlinear equation may now be written in the form 

where u, v are real linear functions of x, y. 

(”) Let a circle be imagined pierced by a pencil containing any number of rays protracted in both directions, 
say in the opposite points a, a; b, /3; e, y; d, i; and let these points, taken in order of natural succession from 
left to right, or right to left, bo a, b, c, d, a, /3, y, 9. Then, commencing with any point c, a complete circulation 
will be represented by the succession of transits 

e to (f, (2 to a, a to /3, ^ toy, y to S, 9 to a, a to b, h toe. 

But whether a, 0, y, 9 bear respectively the same signs or signs contrary to those of a, b, e, d, the transit be-> 
tween any two points 0 toy will be of the same nature, as regards continuance or change of sign, as the transit 
from 5 to c, and thus we see that the complete cycle or total revolution above indicated is only a reduplicatBn 
of, and may be folly designated by the hemicydio succession c to <2, <2 to a, a to jd, to y, for which the num- 
ber of variations therefore will be the same as for any similar succession obtained by commencing with any other 
element in the original system of points instead of e. If the opposite points bear like signs, the above succession 
4 )f transits may be indicated by the order e, d, a, b,e;}i they bear contrary signs by the order e, d, m, b, c, and thus 
, it is that the idea arises of the two kinds of so-called drculation, but which are in fact only more ex less dis- 
guised species of semicirculation. 
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Let the derivative of this function be taken in regard to v, and we have 

2 ^ F'(w,v)=/3a8a(«,w+/3,v)"+/336,(a3M+^a«')’*- • • +/3»««(«.w+/3«v)*S 

where iSjia, jSjSs . . . have the same signs as ij, « 3 » • • • •• respectively. 

Now tljie pencil-type of F(«, v) will be the per-rotatory type . . . fj, of which 

by construction the variation-index is v. Hence by hypothesis F'(w, v) has not more 
than » real roots, i. e. at least 2i^v imaginary roots. Hence F(tt, v) has at least that 
number of imaginary roots, i. e. at most (2i-|-l) — {2i — y), i. e. j'-f-l real roota Hence if 
the theorem is true for v ah even number, it is true for I'+l* * 

In like manner let us proceed to show that when it is true for v an odd number, it 
would remain trub for 

The reasoning will be precisely similar to that followed in the antecedent case. We must 
find a phase of ihe per-rotatcyry type ... fa, f, having the variation-index v such 

that the trans-rotatory reduced type f„, f„_„ ... fa shall have the variation-index » — 1 ; 
the new pencil will still continue to be a type-pencil of the given superlinear function, 
the change of direction in the bunch of rays one on side of f , being now unaccompanied 
with change of sign, such change corresponding to t{ax-{‘by)^ becoming changed into 
«(— a«p— without s undergoing a change of sign. 

As before, the axes of coordinates are transformed from 5, ti into and we obtain 

^.F(«, v)=/3a83(a3tt+M"~‘+- • •+/3«6„(a„w+/3„v)*‘. 

for which the type-pencil is the trans-rotatory type f„, f«_„ ... fa, of which by construction 
the variation-index is v — 1, so that its number of imaginary roots is 2e — (v — 1), and con- 
sequently the number of real roots of F(w, t>) will be j'-j-l- 

Thus, then, if the theorem be true for i»,*whether v be even or odd, it will be true for 
*'+!• 

But when i'=0, the superlinear function becomes a sum of even powers of linear func- 
tions of ar, y, all taken with the same sign, of which the number of roots is evidently 0. 
Hence, being true for this case, the proposition is true universally. 

It will be noticed that the algebraical part (as distinguished from the purely polar- 
tactic part of the above demonstration) depends on the saye principle of which such 
abundant use has been made in the former part of this dissertation, viz. that the num- 
ber of imaginary roots in any ordinary algebraical equation in x cannot be increased 
when we operate any homographic substitution upon or, and take the derivative of the 
equation thus transformed in lieu of the original(**). 

(**) For greater dearness 1 present in an inverted order of arrangement a summary of the foregoing argu- 
ment. 

By an tth derivative y) is meant any derived form 

4 M 
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(19) The proposition above estabBshed leads immediately to the theorem and corollary 
following, viz. 

Theorem. If Ci, be a series of ascending or descending magnitude^ and m 

any positive integer, the equation 

. .4-X«{s?+cJ’"=0 

cannot have more real roots than there are changes of sigd in the sequence Xj, X,, . . ^ 

For obviously (1, Cj), (1, c,), ... (1, cj will be points corresponding to rays within a 
semirevolution, *and therefore forming a type-pencil. 

Corollary. If the above equation be transformed by any real homographic substitu- 
tion into the form * 

• • • +^^«(y+y.)’”=0, 

where yn y*j . . . y» are taken in ascending or descending order, the number of changes 
of sign in the series /a,, /u.,, ... {— is invariable for the effect of any such 

formation will be to leave the type-pencil unaltered except in its ^hase. 

(20) If we look to the undeveloped form of the superlinear function 

w 

and are supposed to possess no knowledge of the coefficients which enter into the linear 
elements w, we may still draw some general inferences as to the limit of the number of 
real roots in S=0. Thus if the number of positive units s isjy and of the negative 
units k, and J is not grcniter than it is obvious that, whatever may be the form of 
the type-pencil to S, its variation-index cannot be more than 2J when m is even, nor 
more than 2)-4“l when iu is odd ; for the arrangement the most favourable to the large- 
ness of the number of the real roots is that where every two rays with the signs belong- 

the \, fi (luaiititics being any real quantities whatever. ^Then I soy — ■ 

1. If T is the tyi) 0 -pon(;il (per-rotatory or trans-rotatory) of any snperKnear form F, every derivative of T of 
the contrary name is the typo-pencil of some first derivative of F, as shown in art. (18). 

2. A derivative of T of contrary name may bo found such that its variation-index shall be less by a unit 
.than that of T itself, as shown in art. (16). 

3. Hence if i is the variation-index of the type-pencil of F, an ith derivative of F may be found such that 
its variation-index shall be zero, and consequently having no real roots. 

Hence, finally, since the number of real roots of any rational integral homogeneous function in y cannot 
exceed by more than i the numb% of the real roots in any of its ith derivatives, F cannot have mor? real roots 
than there are units in the variation-index of its typo-pendl. 

The subtle point of the argument, it will be noticed, lies in forming the conception of the variation-index to 
a trans-rotatoiy pencil, in which the singular phenomenon occurs of a reversal of relative polarity in passing 
from the last ray to the first, whereas in a per-rotatory pencil any ray indifferently may be regained as the 
initial ray, no such reversal in that case taking place. 

(**) It may be noticed that, contrariwise, the Umit to the number of real roots given by Hxwrox’s criteria 
is not an invariant ; it fluctuates with the homographic transformations operated upon the equation ; and a 
question suggests itself as to the maximum value the number of imaginaries indicated by the rule can attain. I 
* presume this maximmn is not in all cases necessarily the actual number of the imaginaiy roots possessed by 
the equation. 
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ing to they group of i are separated by one or more of the rays with a contrary sign tor 
themselves. Thus it appears that when only the units f, ^ i, » . . . are given, we may 
impose a maximum upon the number of real roots in the superlinear equation ; this 
limit may be called the absolute macnmum^ being the double of the inferior number 
of like signs in the series when the degree is even, and one more than such 

double when the degree is t)dd(^®). 

The specific maanmium^ on the other hand, will depend on the form of the type-pencil, 
and cannot be ascertained until the coefficients of the linear elements are given. It can 
never exceed, but may be less than the absolute maximum. It may, indeed, be easily 
proved that in general the specific maximum will be less than the absolute maximum. 
Thus, by way of example, suppose the degree to be even, and the inferior number of 
like signs to be 2 ; the absolute maximum number of real roots will be four, but the 
specific maximum will more generally be only two. For let the number of linear terms 
in the superlinear function be 2+'W, n being 2 or any greater number; and first, to fix 
the ideas, suppose «= 2. The type-pencil, which is to be read per-rotatorily, consists of 
four rays, say a, i, c, d, following each other in uninterrupted circular order, of which 
two are to bear positive and two negative signs. If the two negative signs fall on «, c 
or on-d, d, the variation-index will be 4, but in the other four cases of incidence such 
index will be only 2. Consequently the chance is 2 to 1 that the specific maximum, 
which may be 4, is not greater than 2 ; and consequently the chance that there will be 
four real roots in the equation will be only a chance (too difficult to be calculated, but 
which is a function of the degree of the equation) of the chance J that there will be as 
many as four real roots in the equation wj+wj— •wj=0, where Wi, w,, « 3 , u^ are 

4 - 

(”) (*) If a superlinear form of an odd degree contains an odd number of terms, say 2Je-\- 1, the greatest value 
of the inferior number of like signs is k, and the extreme limit to the number of real roots will be 21:+ 1. 

If it contain an oven number of terms, say 2k, the greatest value of the inferior index is I:; but for this par« 
ticidar case it will readily be seen that a limit may be assigned to the variation>index closer than that given by 
the rule in the text; in fact the variation-index cannot in that case exceed 2k— which will therefore bo the 
extreme limit to the number of real roots. Now suppose the canonizant of an odd-degreed function of y to 
have all its roots real, then it may be expressed by a superlinear form of which the number of terms will be 
2i+l or 2%, according as the degree is 4t+l or 4t— 1. In the one case the number of real roots cannot exceed 
2t+l, in the other 2i—l. Hence the following somewhat curious theorem: 

(’*) If the canonizant of an odd-degreed qyutntic in x, y, of the degree 4i + 1, has no imaginary roots, the qyan- 
fic itself nmst have at least i pairs of imaginary roots. From the fact that wlfen the roots of the canonizant of a 
quintic are all real there must be one pair at least of imaginary roots, we can infer that when the discriminant 
of a quxntiio is positive and that of its canonizant is negative, the equation has one real and four imaginary roots; 
This observation has led to a long train of reflections, which will be found embodied in the 3rd part of the 
memoir. 

This, in fact, is identical in substance with the noted problem of determining the chance that two straight 
lines drawn on a black board will cross. Mr. CAXLiiT, of whom it may be so truly said, whether the matter 
he takes in hand be great or small, “nfiiil tetigit quod non omavit,*’ suggests the following independent proof 
of this. Taking unity as the length of the contour, fixing the extremity of one of the lines, and calling $ t}u^ 
distanoe of its other end from it measured on the contour, the chance of the second line crossing this is'easily * 
seen to be 2«(1— a), which, integrated between «b 0, «»!, gives 4i as before obtained. 

4 M 2 
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unknown linear functions of x : thus we are entitled to say that in general the number 
of real roots in such an equation is not the maximum four, but a less number. This 
remark is of importance, as showing that on this subject it is possible to speak with 
scientific certainty, and on other than empirical grounds, of what*may in general be 
expected to take place. Thus we find Newton declaring twice over in the chapter 
quoted, that in general his rule will give not merely the Maximum, but the actual 
number of the imaginary roots in an equation. I am strongly inclined to doubt the 
truth of this assertion; but it is important to be satisfied by analogy that such an 
assertion may rest on a scientific and demonstrative basis, and not on the utterly falla- 
cious foundation of arithmetical empiricism (^®). 


(*■) A few additional words on this question of probability may not be unacceptable. In order to meet the case 
of the degree of the supcrlinear form or equation bcin^ odd as well as even, let it bo supposed known under the form 

the values of the quantities Cj being supposed to be left wholly indeterminate, and only the signs of the quanti- 
ties \ to be given. Lot bo tho inferior mlmber of like signs in the K scries, meaning thereby that the num- 
ber of signs of one sort is u, and of tho other sort <i>, or more than w. 

Let the probability ot tho spcciflc maximum of real roots being 21- when m is even, be represented bypa*, 
and of its being 2Jt+l when m is odd by ttsa+i ; also lot sutt Oik-k-i represent the number of cases when u and n 
are given which correspond to tho specific maximum being 21c, 2^+1 respectively. Suppose then obvi- 
ously, when m is even, wo have «,ss:n,^j=l. But when n is odd ffj=2 (for when either extreme element alone 
is negative the trans-rotatory cycle has tho variation-index unity), and <r,=n— 2, so that 

__2 _n-2 

n’ n 


Again, suppose w=:2, m being oven; then obviously s, is tho number of contiguous duads in a cycle of n 
elements, and is tho remaiuing lumber of duads ; hence 


M that 




n— 1 n— 3 

• 7Z iw W ' f 


2 

— 1’ n— 1* 


2nd. Suppose u=2, m being odd, so that <r„ ff,, o-, will have to be separately estimated. To fix the ideas, 
let the X series be termed «, 6, c, d, e, f, <j, in which two of tho elements are supposed of one sig;n, say negative, 
and the rest of the opposite sign, say positive ; then the only dispositions of sign which correspond to the specific 
maximum being 1 arc those in which o, h or else/, g are both negative. Hence 9^=2. Again, the dispositions 
of sign which make the specific maximum equal to 3 arc those in which a, g are both negative, those in which 
a and a, d, a, or /are negative, those in which g and €, d, c, or h are negative, and, finally, thos^ in which 
any two contiguous elements except tho a and g are negative. Hence fl’,s=l-|-2(n— 3)-f (n— 3)ss3n— 8; and 
it should be observed that this result cannot be prejudiced in its generality by the supposition of any of the 
components of 9 , becoming negative, since w=2 implies that n is at least 4. Hence, finally, 

QN ^ _ n»~7n-H2 _ (H-3 ) (n-4) . 

so that 

4 6n-20 

- *- 


B — A’ 9 


n*— 7n+16 


w—n 


n®— n 


This ^mple serves to show how much more difficult is the computation of the respective probabilities when m 
is odd than when m is even, owing to the break of continuity in the cycle of readings on passmg from tho last 
to the first term. 
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NOTES TO SECTION II. 


Eocoived May 7, 1864, 

On the p'obaMlity of the specific mperior limit to the number of real roots in a 
mperlinear equation equalling any assigned integer. 

(21) The question comes to that of determining the probability of a per-rotatory or 
trans-rotatory pencil with a definite number of rays of each kind possessing a given 
variation-index. 

Since the foot note below was written, a method has occurred to me of obtaining the 
probability in question in general terms, as follows. 

1. For 0 . per-rotatory pencil of g* positive land v n^ative rays. Let [jx, p, g"] be the 
probability of the rays being so disposed as to give rise to 2g variations of sign in 
making a complete revolution. Then there will be g distinct groups of positive, and g 
of negative rays. The number of partitions with permutations of the parcels inter se 

of g» elements in g parcels is ^ ^ elements into g parcels is 

(y— l)(y— 2)..fv— ^+1) 

If we combine each parcel with each in every possible way, and then imagine the 
combined parcels let into a circle containing m-\‘n places and shifted round in the circle 
through a complete revolution, we shall obtain 

^ (y-l)(y— 2)..(y— jy+1) 

1.2..(</-1) 1.2..(</-n 


arrangements ; but on examination it will be fottnd that every arrangement so produced 
will be repeated g times ; moreover it is» obvious that no other arrangement giving rise 
to g groups of each sort can be found. Hence the true number of distinct groupings 
of the sort in question is 

^ + 1) . (y-l)(y-2)..(y— igr-H) 

9 1.2.. (y-1) 1.2..(5r-l) 


It seoms hardly worth while to pursixo this subject in greater detail. I will only notice that when m is oven 
the chance of the specific maximum attaining the absolute maximum, i. e. becoming 2ut, will depend on the pro- 
portion of the ways in which in a cycle of n elements <a of thorn may bo marked with a distinctive sign in such 
a way that no two of such signs shall come together. Accordingly I find by a computation of no great difficulty 
(understanding vx to mean 1.2. 3... or), 

nr(n— w— 1) 
ir«jr(H — 2u) * 

' ^ / \ 

and hence, since the total number of combinations of n elements lu and ta together is — , I deduce 

7ra;7r(n— hi) 

7r(n-— iii)7r(n — oi— 1) 

ir(n-l)7r(n-2«) * 

Thus when n has its nunimnm value, viz. 2w, » aiid b^omos very small as u increases. When 

»(w— 1) 

again n inoreases towards inflni^^sM approaches indefinitely near to unity, and the chance approaches near to 
oertunty of the specifio not heoming less than the absolute maximum of real roots. 
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And the total number of arrangement^, 
can be distributed over places, is 


which is the number of Ways in which (a things 
Hence we obtain 

Kfuirv 




i.2.(y-l){1.2..y) f 


w/jiiriiJi,— l)Tyy(v— » 1) 

“ Tffw{g — 1 + y — 1 ) 


[Throughout these investigations ^(.r) is used in the same sense as Tlx^ to signify the 
factorial 1 . 2 . 3 ... 4?.] 

If there should appear any obscurity in the statement of the method by which has 
been obtained the number of distinct distributions of the (a, v elements into g groups 
of each, the reader is referred to ttc equation in differences obtained fujrther on in this 
Note, by which all doubt of the correctness of the result will be removed. 

(22) For a trans-rotatory pencil of rays, to ascertain the probability of the variation- 
index being 2^-f-I- 

Imagine a circular arrangement of (a positive elements and v negative elements con- 
taining 2y variations. 

Let this circle be supposed opened out at any point and the variations of the open 
pencil so formed to be reckoned according to the trans-rotatory law, which is that in 
passing from one extremity to the other a change is to be seen as a variation, and a 
variation as a change. If the break is made between two negative or between two 
positive elements, the number of variations obviously becomes by one unit; but 

if between a positive and a negative element, that number becomes decreased by one 
linit. The number of these latter intertals is 2y, and of the former 2y. 


Hence the probability of the index becoming 2y-|-l is and of its becoming 

2y-lis^,- 

If, then, we denote the probability to be calculated by [f*, y, it is obvious that 

we shall have 

I>, », S'+i]= — ^ I>, ». ?]+ O. ». ^+1]- 


ll + V 


But by the formula previously obtained it will easily be seen that 

[f*. S ?+!]= l>. ». ?]• 

Hence 

' 


ir(y r- 1 )»(y + 1) j(i* + y)^(/i’-g)r(»—g) 
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When ^=0 the aboTe expression fails ; but rev|rting to the equation from which it is 
derived, we obtain 

(23) These combined results admit of an easy corroboration, for 


and »»,y):?=l. 


Hence the equatiopi^marked * gives 


•Hence we ought to have 




. 1 . 


vitvv t ^ 1 . 1 I X 

T(fx. + v) '~^+K ff > • • ' w/tTV * 

• * 

which is true, since the left-hand side of the equation is , 

2 2 

which is obviously the coefficient of of in (l-)-ar)'*(a:+l)^ i. e. in 

(24) If we wish to find the chance of the specific superior limit becoming equal to the 
absolute superior limit, we must write g in the above formul® equal to v, that one of the 
two quantities f*, v which is not greater than the other, and we shall obtain 


[>, ^ »'] 


— 1) 

»(/*+ V— l)»r(ft— y)’ 


|>, y, J'+iJs:- 


— 1) 

(tt + vMjx— V— 1) 



SO that, in fact, [^, v, i/-f J]=|j!A, I'+l, »'+l], which relation may also be obtained by 
a priori considerations. 

(26) With reference to the remark made concerning the mode of obtaining the value 
of {jFf •'j ^], I proceed to show how it may be obtained directly by the integration of an 
equation in differences, and by a method analogous in idea to that by which [/6, ^ 
was made to depend on [/a, v, y]. For as in that case we conceived an open pencil to 
be closed and then reopened, so we may imagine one of the rays to be withdrawn and 
then reinserted. In this way, observing that the effect of introducing a negative sign 
into a circle of g, positive and n negative signs consisting of » distinct groups of each is 
to produce no change in the number of the groups if inserted between two negative 
signs, but to increase that number by unity if inserted between two positive signs, we 
may infer that the probability of v becoming i'+l, in consequence of such insertion, is 

and of y remaining unaltered, is 
Hence we obtain the equation in differences. 




1 


[>> *’—1, 


ft— y-f 1 
ft+v— 1 


0, ij 


in which fk' may be considered constant, and » and g to vary. 
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The integral must satisfy the furt^r condition that [jju, 1, shall be unity when*^ is 
1, and zero for all values of g greater than 1. * 

Assume the value of 1, g] obtained by the method given in art. (21). This 
obviously satisfies the initial conditions corresponding to ^=1. Moreover we may easily 
deduce from it the equalities 


0, .-1, l>, »-l. ?]. and 0, l>. "-I. ?]• 

♦ 

Hence the equation in difierences will be satisfied if it be true that 


(v — l)y * 


(.-i+y)+ 


{9-^)9 
~ 

v-9 


which is obviously the case, since ^)(i'+y““l)* 

Since, then, the assumed value of |j^, y, is correctly determined ^vhen »'=1, it is 
obvious, from the form of the equation, that it holds good] for all other values of j>, as 
was to be shown. 

(26) From the equation • 

[y‘»h9'\ 


making (9*—g){v'-~g)^g(g'\-^) or -, we may readily infer that the value of g 

|f M 

for which the probability \jtt, g] is greatest is the integer part of if that quan- 

tity is non-integer, or the quantity itself and the number next below it (indifferently) if 
it is an integer. 

(27) If we apply a similar method to [ju*, y, we obtain by aid of the -formula 

above given, 

[ h _ »2nv—{fM + v)y ^ (f«, + l)~y(y + l— y) . 

b^>'^>9—l] 2fty+|x + y — (f*4-y)7 7 “ 

and equating this ratio to unity, we obtain 

2fiv—{ fj i, + v)y . 

2j»y + /* + V — (jit H- y)y “ (/x + 1) (y + 1 ) — (ft + y + 2)7 

or writing p=g', 

(^» +ij)y* - ( H-i?)y + 2y(g+i? + 1) = 0. 

The roots of this equation will be both of them real, for its determinant is 

jpY + 1 63*+ (i>* +J>*)(i«'“ + »'*)» 

which is necessarily positive. Hence it follows that there are two positive roots of the 
equation. Whether there will exist values of g which give actual maxima or minim a 
values, or one and the other to [g,, y, depends on the further condition being 

satisfied that the values of ^ in the above equation shall come out.¥)ne or both of them, 
not greater than either of the two numbers /», y. The inquiry connected with the satis- 
faction of this condition may be conducted by means of repeated appUcations of the 
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processes of Sturm’s theorem ; but I shall not ei^er upon it, as it appears to lead to 
calculations of complexity disproportionate to the interest of the result. 

(28) It may be noticed that the average value of [ft., v, g"] can be calculated without 
any difficulty. This will be 2(^[ft., v, ^]), or 

r-i . (i*— , Qt— 1)(^— 2)(»~i)(»— 2) 1 

Tftyy w((t.+v—2) fuv 

‘ l)ir(v--l) (/* + y— 1 )* 


SO that the averag|^ number of variations of sign in a per-rotatory pencil with fi. positive 
and V negfhtive signs is | > or a little more than the harmonic mean between ft., v. 
In like manner, for a trans-rotatory pencil this numjper will be 

2(2i,+l)|>, i.+4]=|>, V, 4] + 2((2/+l)(^(^-l)0», ,, j]), 


which, observing that 2[ft., y, ^]=1, and (ft., v, 2^--^ =2, gives as the average 

(t’+y g 

, 1 


number of variations of sign 

/* + y 


Received May 10, 1864. 


(29) The simplest mode of calculating the value of [ft., y, g'] is the following: 

Let [ft., y, g\ [^ft., y, (y— ^)) denote the probability that an arrangement in open line (in 
which, as is the case in applying Des Cartes’s rule of signs, no account is taken of the rela- 
tion of the extreme signs to each other) shall contain respectively 2g and 2^—1 variations. 
Conceive a circular arrangement of y groups of positive and y groups of negative sig^s. If 
this circle be opened out into a line at an interval between a positive and negative sign (of 
which there are 2y), one variation will be lost; but if af any of the remaining fe.+y — 7 
intervals, the number of variations remains unaltered. Hence we derive immediately 


But we may find |^fe., y, by counting the arrangements which give fe., y, 2g-“\ 

variations of sign. These may be all obtained, and without repetition, by intercalating 
every distribution of [a into g groups with every distribution of y into the same ; and the 
intercalation may be performed in two ways, according as the parcels of the ft signs, or 
those of the y signs, are taken first in order. Hence we have 

T/i » /, n - gOt — !)(/*— 2) ...(ft— ^ + 1) (v— 1)(»-2) ... (y—g +1) 

t)— 1.2 ... (y-1) 1.2 ... (y-1) ir(ft+y) 

29f*ix{it — 1 )irvir(v — 1) 


■»(#*. + y)»(^— l)T{g— l)*{iA—g)x{y’-g) * 

I— 'LtTr.. - XI l)iri.ir(v-l) 


and thus 

r 1 p "T v 11— ijirwryv — L) 

l/*» *'» yJ“ !/*’> it{fjk+y+l)wgir{g-~l)ir(ju—g)ir(y-’g)* 

as previously found ; also 

fa. y ■ 

4sr 
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(30) Moreover, we thus see that the average number of variations in an open line 
with positive and V negative signs, which is 

2 ( 25 r~l)[>, V, g). 


or 


will be equal to 


22y(|>, », ?-i)+[>, y))‘-2 |>, ». i)) 








2^y 


2fi>v 


|ifc + y '» yj /», + v ft-fv— 1 ’/u.-f*' 

The total number of variations and continuations together is — 1. Hence the 

difference between the two is (/^+»'— 1), or ») . go that the average 

number of variations is greater than, equal to, or less than that of the continuations, 
according as the difference between the numbers of the two sets is less than, equal to, or 
greater than the square root of the entire number of signs. Obviously the average 
should be the same for the variations as for the continuations if the number of signs, 
say »4-l, is given, and each ia^supposed equally likely to be positive or negative. This 
is easily verified ; for multiplying the probable value of each distribution of signs by the 
probable value of the number of variations corresponding thereto, we obtain the series 

.n.(7t+l)+2(7i— l)(w+l)|+3(w— 2)^” + . . • 

This is the final average of the number of variations of sign, and will be equal to that 
of the continuations, since the entire number of the two together is n. 


Beoeived October 27> 1864. 

Pabx III.— on tee nature OF THE ROOTS OF THE GENERAL EQUATION OF THE 

FIFTH DEGREE. 

(31) In a foot-note. Part II. of this memoir, I have shown that when the discriminant 
of the canonizant (constituting an invariant of the twelfth order) of an equation of 
the fifth degree bears a particular sign, the character of the roots becomes completely 
determined by the sign of the discriminant of that equation. 

This has naturally led me to investigate de now the whole question of the character 
of the roots of an equation of that degree ; and I have succeeded in obtaining under a 
form of striking and unexpected simplicity the invariantive criteria which serve to 
ascertain in all cases the nature of the equation as regards the number of real and 
imaginary roots which it contains ; then passing to the expression for these criteria in 
terms of the roots themselves, I obtain expressions which exhibit the intimate connexion 
between this subject and a former theory of my own relative to the construction of the 
conditions for the existence of a given Humber and grouping of equal roots, which can 
hardly fail to lead eventually to the extension of the results herein obtained to equations 
of any odd degree whatever. It is the more needful that these results in a question of 
so high moment to the advancement of algebraical science should be ixmde public, inas- 
much as they do not seem to accord with those obtained by my eminent friend M.Hebhite, 
who has preceded me in this inquiry in a classic memoir, published in Ihe yeaiflL864 in 
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the ninth volume, of the Cambriclge and Dublin Mathematical Journal, since which time 
I am not aware that the subject has been resumed by any other writer. The discrepancy 
between our conclusions may be only apparent ; but there can be no doubt of the supe- 
riority of the form in which they are herein presented, inasmuch as only three functions 
of the coefficients are required by my method, and five by M. Hermite’s. The solution 
offered by M.^Iebmitb is confessedly incomplete, but to this great analyst none the less 
will always belong the honour, not only of having initiated the inquiry, but of having 
emitted the fundamental conceptions through which it would seem best to admit of suc- 
cessful treatment. The arrow from my hand may have been the first to hit the mark, 
but it was his hand which had previously shaped, bent, and strung the bow. 

Our methods of procedure, however, are widely dissimilar, and by employing my well- 
known canonical form for odd^degreed bfhary quantics, long since given to the world, I 
have succeeded in evading all necessity for the colossal labours of computation required 
in M. Hebmite’s method, and am able to impart to ray conclusions the clearness and 
certainty of any elementary proposition in geometry, not scrupling to avail myself for 
such purpose of that copious and inexhaustible well-spring of notions of continuity which 
is contained in our conception of space, and which renders it so valuable an auxiliary to 
Mathematic, whose sole proper business seems to me to be the development of the three 

germinal ideas — of which continuity is one and order and number the other two*. 

» 

Section I. — Pr^aration of the General Binary Quantic of the Mfth Degree. 

(32) Let («, h, c, d, <?, ifx, y)»=F(^, y), 

a cubic covariant of F is the canonizant C, where C represents the determinant 

a h c d 
bed e 
0 d e t " 
f —fx yiP —a?®. 

Let us first suppose that this form does not vanish identically, and has at least two 
distinct factors S, n linear functions of Xy y, where of course §, 9 are each of them 
determinate to a constant factor giving any value to the constant factor for either 
of them, we may write F(ir, y)=<l>(|, ??)=(«, j3, y, t, ij?, ^)*, and the canonizant of 
with respect to S, becomes the determinant T, where T represents 

os 13 y ^ 

/3 yd. s 

y d f 

* Herein I think one clearly discerns the internal gpronnds of the coincidence or parallelism, which observa- 
tion has long made familiar, between the mathematical and mtudcal tOor. If ay not Music be described as file 
Mathematic of sense, Mathemafic as Mnsio of the reason? the soul of each the same I Thus the mnsidan/esZs 
Mathematio, the mathematician thinks Music,— Music the dream. Mathematic the working life— each to receive 
its consummation ffom the other when the human intelligence, elevated to its perfect type, shall shine forth 
glorified in some fixture Mozi^T-DnucHui or BssiHovril-GAnss — a union already not indistinctly foreshadowed 
in the genins and labours of a Hkucholts ! 

0 


4 N 2 
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Hence since T to a constant lector is identical with C, the coefficients of ^and ^ in 
the above determinant must vanish in order that ^ may be contained in T. 

Hence the two determinants 


a /3 y /3 y J 

/3 7 ^ and y ^ i 

y i « ^81 

both vanish. 

Hence either a, /3, y, or otherwise y, s, or else the first minors of 

y 

y ha 
h f 

are each zero. 

The first two suppositions must be excluded, since either of them would lead to the 
conclusion of T, and therefore C, being a perfect cube, contrary to hypothesis. The last 
supposition implies either that j3, y, S, or otherwise that y, b, or else that and 

y8—i* are each zero. 

If /3, y, i are each zero, T becomes a multiple of ; if y, i, s are each zero, T becomes 
a multiple of ; that is to say, T, and consequently C, contains a square factor ; and 
obviously the converse is true, so that when C contains a square factor F is reducible to 

y 9 78 

the form au‘-i-5euv*-i-yv‘. When this is not the case 0 = 8=~ = Hence 




which is of the form *Pi 4^ being linear functions of ar, y. 

(33) We have supposed C not to be a perfect cube. When it is a perfect cube, say 
I*, we may assume tj any second linear function of ar, y ; and expressing F in the same 
manner as before in terms of f/, it is clear that all the first minors of 

C6 (3 y h 
y I i 
y i B ty 

except the one obtained by cancelling the last column in the above matrix, must vanish, 
consequently d, f, i must all vanish, so that and consequently F, must contain a cube 
factor identical with the canonizant itself. 

Lastly, if the canonizant vanish entirely, every first minor in the above matrix, when 
we wiite again a, b, o, d, e, i in lieu of a, y, by By /, will be zero. Hence either 
a, by Cy dy or by c, d, or 0 , d, i must each vanish, or else that must be the case with 
the first minors of 

a b d 
^b 0 d e. 
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or of 


or of 


bode 
c d e i, 

abed 
e d e L 


Under the first or third supposition F &u8t contain four equal factors ; under the 
second O becomes al'+eV; under the fourth or fifth it is readily seen that the form 
becomes 


respectively, so that the second, fourth, atid fifth suppositions conduct alike to the form 
a particular case of the preceding one. 

It remains only to consider the sixth supposition, viz. that the first minors of 

abed 
c* d e i 

are all zero. 

In this case if we write 


A+B= 


1 


ai’ 


A 


-B= 


h 

a*c* 


• and if neither a nor c is zero, it will readily be seen that F(ar, y) becomes Aw‘+Bi>‘ by 
virtue of the relations 

If ^=0 or c=0, the preceding transformation fails. 

But unless also e=0 or at the same time as a=0 or c=0, a legitimate transforma- 
tion similar to^he above may be performed by interchanging a, c, or, y with f, a, y, ar. 

If now 

a=0, it will easily be seen that a, b, c, d or else o, c, e arc each zero. 

Similarly, if 

$s=0, it will easily be seen that », e, d, c or else f, d, b are each zero. 

Again, if 

c=0, it will easily be seen that a, b, c, d or else c, e are each zero ; 

and if 

d=0, it win eiasily be seen that c, d, e, i or else d, b are each' zero. 


(”) Thus we see that the equation belongs to the class of soluble 

finrns. 



616 HiOlSSSOf STLYESTEB ON THE BlUL 

Thus, then, if a=0 and i=0, all the coefficients, or else all except one, viz. h or are 

zero ; 

if a=0 and <2=0, all the coefficients, or else only not e and i or only not h 

or only not i are zero ; 

so if i=0 and c=0, all must be zero except h and a or ^ or a ; 

if c=0 and d=0, only e and i or else a and h or else a and i will differ 

from zero. 

Hence, then, in any case there will be at least four equal roots, or else F is of tl^fonn 

Thus, then, for the first time has been here’ rigorously demonstrated, free from all 
doubt and subject to no exceptions, the following important proposition : 

Every binary quantic function not containing three or more equal roots is reducible to 
one or the other of the two following forms. 

The former is the case when the discriminant of Ihe canonizant is different from zero, 
the latter when it is equal to zero ; for it will be observed that, whether the canonizant 
has equal roots or totally disappears, its discriminant in both cases alike is zero. 

(34) It has been seen that when the quintic has three equal roots the canonizant becomes 
a perfect cube ; and it may not be out of place here to point out what the conditions 
(necessary and suflScient) are to ensure the quintic having four equal roots. These are 
all comprised in that of the quadratic covariant vanishing. To prove this, let ^ be a factor 
of F(a:, y), so that 

^)=(«> /3, y, i, 8, OX^, nf. 

Then, since the similar covariant quoad y must also vanish, we have 

as— 4/3J-|-y*=0, — 3/3«+2yi=0, — 4yf-l-3^=0. 

If g=0, then J=0, y=0 by virtue of the two extreme equations, and <I>, and therefore 
F, contains four equal factors. If s is not zero, * 

y=f 7 ’ and 4> becomes a? ; 

so that, as before, there are four equal factors. Conversely, it is obvious that if there 
are four equal factors u, so that <I>=aM‘+65w*v, the quadratic covariant of <!> disappears. 

(35) The quadratic covariant also it was which led me to perceive the transformation 
applied in the antecedent article. For when the first minors of 

a h 0 d 
c d e f 
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are all zeros, the quadratic covariaat becomes 


4(c*— 4(d*— 

Supposing neither of those coefficients to vanish, and calling its two factors w and v, and 
wi ftkitig 

• F(ar, y)<^u, v)=(a, /3, y, J, <, v), 

it is clear that the minors of • * 


u (3 y ^ 
y h s i 


can no longer all be zero, since in that case we should have 

4(y*— /3i)«4*+ 4(J®--yi)i;“ 

containing u, v as factors Consequently the canonizant of O must vanish under one 
or the other of those remaining suppositions which had been previously shown to con- 
duct to the form or else to^the case of three or more equal roots. When the 

quadratic covariant vanishes, we know that there must be four equal roots ; and when 
it becomes a perfect square but docs not vanish, it will be found on examination that 
the equation has three equal roots. 

(36) Ketuming to the general case, where w*, and making 

identically zero, and writing u\ t/, w’ for respectively, 4> becomes 

or, if we please, with the condition 

Moreover v, w will all three be factors of the canonizant of F. For taking the 
canonizant of F with respect to v, it becomes 


r^t 

-t 



1 ^ 

0 

0 

0 

-t 

-t 



-1 

or rx 

-1 

-1 

-1 

-t 

—t 

-t 

5— ^ 

-1 

-1 

-1 

1. 


-~1?U 


— M 



m* 

— 


or i. e. —r8t(uvw). . 

Hence if *o:e three distinct factors of the canonizant of F with 

respect to y, if we choose the ratios X : ft : v so that X-j-ju^+j'ssO, ^X-l-^+^>'=0, we 
may make w=x(ar-fey) ; ; w=i{a?-[-^y) ; and shall then have 

F(;r, y)=m*4'5v*+^w*, with the condition 

where r, «, t may be found from three equations obtained by identifying any three of 
the six terms in F with the corresponding terms expressed as a function 

of ar, y. These equations being linear, it follows that ru\ tw' form a single and 
migue system of functions of ar, y. 



618 


FBOFESSOB STLYESTES ON THE BEAL 


So when the cononizant has two equal roots and is of the form ^ 

which case the reduced form is au^-\-beuv*-\-fo^. The canonizant in respect to w, v 
becomes 

a 0 0 0 

0 0 0 « 

0 0 e f 

i. e. Hence, writing 

v=a.*+0, "P=au^-\‘heuv'^-\‘fv\ 

«, tf,ymay be obtained, as before, by means of three linear equations, and the terms 
au^i heux^if'v^ form a single and unique system. 

Finally, when the canonizant vanishes entirely, so tha# the form becomes 
the quadratic covariant will take the form 0{x-^ey){x-\-fy) ; and* making M=a:+^, 
vssar-f-gy, a, y become determined by means of two linear equations, so that aw®, fv^ 
form a single and unique system, as in the preceding cases. 

(37) When the canonizant has three distinct roots, they may be all real, or one real and 

the other two imaginary. In the former case, in the expression % w may 

be considered as all real functions of x, y, and r, s, t will then also all of them be real. 
In the latter case w may be taken as a real function of x^ y, w, v as conjugate imaginary 
functions ; and consequently it is easy to see that, except when r, s are equal to each 
other, they will constitute a pair of conjugate imaginary quantities: in this case we may 
take for .our canonizant form 

or, if we please, * 

understanding by u^, respectively. And it should be noticed that 

the determinant of in respect to u, v will be 

_1 i 
2 2 

—1 r* 

2 2 

which is i. 

(38) Let us proceed briefly to express the invariants of rw®+ 5 t>®+^tt>®, which call ^>, 

with respect to w, t>; the corresponding ones of which call in respect 

to the same variables «, v will be found by attaching to these suitable powers of i. 

<I)ss(r— — f, — t, — f, 8^tX% «)*• 



AXD IMAGINASY BOOTS OP EQUATIONS. 


4 


619 


Hence its quadratic covariant is the quadratic invariant of 


which is obviously 

— (rs— r# — sQm 
Of this the quadratic invariant is 


rt. st'-~‘^{rs’-rt—sty; 

or wrifcg (r=tr^ T=rSy and calling this invariant (I), 

Again) the cubic covariant or canonizant has been already shown to be r8t(u^v-{‘UV*), 
Calling the djscriminant of this (L), we have 

(L)= - *§ W. 

A 

Again, to find the discriminant (D) in resi^ect to u, v. 

When has two equal roots, and w+i>+w=0, it is easy to see that 

we have rtt^+X=0, 

Hence to a constant factor (D) will be the Norm of 

i* c. of 


To find the value of this norm, suppose tl^en 

g+«’4-’'=2(g*o’*+o'V +r*g*), 

and 

V®— 2g(r— 2§r~ 2o’r= 8gMr*(g^ 

Hence 

(§*+ff*+v^—2go’— 2fr— 2fl’r)®=64§<rr{(g+(r+r)+2(gV4-<rM+r*g*)} =128g<rr(g +«"+»*)* 

Hence (D) must contain (J)*— 128§<rr(g+<rH-r) as a factor; and since when f=0, f=0, 
0^=0, and (D)=t*=(J)®, it is clear that (D)=(J)*— 128(K), where 

(K)=§(rr(g+(y+v). 

(39) Although in the investigation in view (K) will only figure as an abbreviation of 

amiss to indicate a direct process for finding it. Let us for this 
purpose act upon the Hessian of treated as a function of u, v twice with the canoni- 
zant of <I> converted into an operator by substituting ^ in place of u and v. 


(*) For this is (O, 0^«, t»)*, and tho discriminant of (a, 6, <j, vf is 

a»<f»+ 4<i«»+ 4d6»~36V- 6a6cd. 

(“) Itisworthyof observation that (J) is also a Norm, viz. of 9^, so that (J) is tho discriminant of 

+#»•+<»•. I have not been able to perceive the morphological significanoy of this relation. 

MDOCCLZIY. 4 0 
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The Hessian of 0 may be obtained without difficulty under the fonn 

Operating upon this with 
we obtain gtr^^Ar+Bg+Cff), where 



and as we know that this quantity must be of the form X(K)-+-|^(J)®, we have jtA=0, 
X=— 72 ; so that, denoting the c^erator corresponding to the canonizant by T, and the 
Hessian by H, we have (K)= — 7 ^i^T®H<I> (®®). This gives a ready practical method for 
finding the discriminant of a general quintic F by means of the identity Df= J’-f* 
where D is the discriminant, H the Hessian, T the canonizantive opemtor, and J the 
quadratic invariant of F in respect to its own variables. 

(40) If now we suppose the determinant of v in respect to y to be f*, where (a 
is by hypothesis a real quantity, and if we call the 

, Quadratic invariant in respect to x,y . . — J J, 

Discriminant of primitive „ „ . . D, 

Discriminant of the canonizant „ . . ■— ■aVl'j 

we have obviously 

J — 2^0'— 2gr— 2(rr), 

K=|M»*®|<Tr(§4'<^+’')» D=J“— 128K, invariants of O. 

L =^®»gVr®, 

This applies to the case where the reduced form is d>, i. e. where the roots of the cano- 
nizant are all real, and consequently where — L is negative, i. e. L positive. 

Wlien L is negative and the reduced form is d>p then, since the determinant of v, 
in respect to u, v is ?, we have 


J =— — 2go’— 2gr-— 2(rr), 

JC= D=J*— 128K, [invariants of 

L K 

By means of the ratios j 5 » it is obvious that in either case alike the ratios of (r,r 


(") It ■will bo the quadratic invariant of with respect to 0, ij, (+)}+( being sero; just as 

the quadratic covariant of ^ is the quadratic invariant of m^+sinj^+tiv^* ■with regard to the same variables. 
This latter is in fact r«tw+a<vM;+tw«.. . . 

(’’) The intervening covariantic fomkof degree 8 in the variables and 6 in the coefficients, vis. TH4^, will 


easily bo seen to be 


rs^tAfr-w®) + + <rA(w*tt— wu*) . 
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become deteminable by means of tiie same cubic equations, viz. 

y_Ky+ ^*~^^ a-L*=0 ; 

4 # 

g, <r, T vnll be to each other as the roots of this equation (®‘), 

(41) Since represents a function in a?, y with real coefficients, it follows 

that when L is positive, «, v as well as w being real, a : |3 : y are ratios of real quantities, 
and the roots of the preceding cubic will be real ; when L is negative, «, v becoming 
conjugate imaginary functions of ar, y, whilst V) remains real, r, «, unless they are equal, 
must become conjugate imaginary constants. When r, t are all real, g, <r, r will be so 
too ; and when r, s are imaginary and - 1 real, g, a will be imaginary and r real. Thus 
according as L is positive or negative the roots of 6 are or are not all real. Hence 
understanding by A the discriminant of the preceding equation with respect to & and 1, 

^ must be always either zero or negative. We see a^rwri that must be integer, 
because when L=0 the cubic has two equal roots, g • To compute its value more con- 


veniently, write K=6^, J=12/ Then the equation becomes 

(1, 2^, 3A:»-^L, L»I^, -1)», 

of which the discriminant is 

, L*+4(3j5;»--;X)»-h32;{;»L»-12^(3i5;»-^X)>~12A;L»(3^ 

Hence 

j=L*-108yt‘^‘+36i»/I,-4/L>+32^L 

72i‘y-12/S:*/L —36^1+12^*^ 

=L*- 36i‘^-+24iiyL-4/L*- il(?l,+\2pcL\ 


Accordingly, multiplying the above equation by —3*12* in order to avoid fractions, 
replacing Jc,j by their values in terms of K, J, and naming G the quantity —432 


(“) For since the absolute values of f , v, r are not in question, we may consider 0 *, r as the roots of 
fl*— KS’+gd— r, so that f-4-o'+r=K. Wo have then 

p VV _ L« r L* 

(paT)»(p + <r+r)»“K** 

which gives mL*. Again, 

p<rrK» K* (K’-4o)* ,, 

(K*— 4^)**“ J* * ” r 

As regards the sign to be given to JL in g, since 


-42)»»L»J;», or 2*^^* 


we have (lP--42)*aBj*L*. Hence 
Consequently 


_(K*-42)« 
X r» * 

. «*“-4 

4 0 2 
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positive, or to speak more strictly non-negative, we have 

G=JK‘-f8LK»-2PLK*-72JL>K-432L»+PL*n. 

It is evident that G must be iflentical to a positive numerical factor prhs with the 
function which M. Heemitb denotes by P(**). 




(**) It will be observed that when J=0 and LsO, G vanishes. This is easily verifiable d priori', for when 
*0 and LssO, the reduced form has been seen to be ax^-^besey*, of which the canonizant is 


a 0 0 0 

0 0 0 e 

0 0 « 0 

y* — y!>^ — a?* 

which equals aexy^. 

Hence the form and its canonizant have a common factor x, and consequently their resultant vanishes ; 
hence ls=0 and Ga=P=0. G also vanishes when K»bO and 1=0, which is also easily verifiable; for then 
the reduced form becomes of which the canonizant vanishes, and consequently the resultant of the form 

and its canonizant becomes intensely zero ; which, accounts for the high power of K in (JK*), the sole term of 
G in which L docs not appear. 

(»•) (•) Compare expression for 16P, Cambridge and Dublin Journal, p. 203. This will bo found to contain 
nine terms, and to rise as high as the fifth power in A (which to a constant factor is identical with my J); 

whereas in there are only six terms, and no power of J beyond the third. This seems to indicate that the 
K and L are more fortunately chosen than M. Hebmite’s J,, J,, which are invariants of tho like degrees 8 and 
12, It is of course evident that the following relations exist between M. Hebuite’s Aj, Jj, J, and the J, K, L 
of this paper, 

A=W’, 

Jj=mJ*+nK, 

Jj =p J* + q JK + rL, 


where I, w, n,jp, q, r are certain numerical quantities. Until these are ascertained, it is impossible to con- 
front M. Hebmite’s results with my own, to ascertain whether or not they are identical in substance, and, if 
not, wherein the difierenco consists, I therefore subjoin the necessary calculations for cffectmg this important 
olyeot. 

Let us first take the form a;*+6siry^4-y*. The quadratic covariant of this is x{ex’\-y'). 

Accordingly, to obtain H.Hebuite’s A, B, C, C', B', A' (Cambridge and Dublin Journal, vol. ix. p. 179), we 

must make 

ar=X; M?-f.y=Y, 

which gives (vide C. and D. J. p. 180) 

F=X‘+6eX(Y-eX)<+(Y-«X)» 

=(A, B, C, C', B', A'JX, Y)*, 

where 

A=1+4c», B=-3«S C=2c>, C'=~e», B'=0, A'=l, 

Accordingly (vide C. and D. J. p. 184), 


AA'-3BB'+ 2CC'=l+4<j*-. 4e‘=l =Va, 


AA'+ BB'- 2CC'=l+4«‘4. 4«*=H- 8«‘=: 



Hence 


AA'+ 6BB'+ lOCC'srl +4e*-r-20«»=l-16«»=3-7-, , 

« -^V A* 

A«l, Ij552+16«», I,=2-32«», 


Again (vide C. and D, J, p. 186, § vii,), 

8J,a:I,-A*=U16«*, 24J,=I,^2IjA+A»=s-l-64«»; 
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(42) In fact ft. Hebmite’s octodecimal invariant is most simply obtained as the result- 
ant of the primitive quartic and its canonizant. Using the reduced forms for these two 


but Jj) Jj, are subsequently without warning (compare expressions for AA', BB', CO, pp, 186, 102) renamed 
f , ; so that 1 ^ i6«», 24J,= - 1 - 64«‘. 

The corresponding values of J, E, L havo been already calculated, and we have found 

* J=l, K=-2A L=0. 


Hence 

A=l, 

~+26‘=B-2C«», 

-1 

24 

24^ 

Thus 

■# 1 


II 

B=g, C=-l, 

D= 

”24’ 


“ 3 * 

To find F, take another form convenient for the purpose, as a?*+10tti.’*y*+y*. 

Taking the emanant of this (x, 0, dy^ dx, y'^xf, the quadratic covariant is obviously +3cPy*, so that 
J=l. 

Also its discriminant is 

10 0 d 

0 0 c? 0 

0 c? 0 1 

/* — •y’.v ya? —a? 


of which the discriminant is 


r 


viz. df(— c?iv*4-y*a?)=ci®y*— •ti’y’ay+ti’a?*. 


Hence by definition ' L=«— ^c?'*+<i‘. 

Again, to find A, B, C, C', B', A', we must write 

a?+3cPy=X, 

y=Y, 

and we have then 

(X-3c?»Y)*4-10c?(X-3c?*Y)*Y’+Y«=(A, B, C, O, B', A'JX, Y)*. 

* 

Since J=1 and X is of the eighth order only in the coefficients, it is obvious that neither J‘ nor JK can oontun 
a term involving ci*®. In order therefore to find F, it will be sufficient to compare the coefficient of c?*® in Jj 
and in L. ^ 

Now A=l, B=-3 c?», C=9d*, C'=27d*H-c?, B'=81c?®~12c?», A'=243c?'»+90(?‘+l. 

Also A=:J=1. Hence neglecting all but the terms which bring in c?'®, 24J, (p. 186, Memoir) is tantamount 
to I„ and Ig (p. 186) is tantamount to 

2(243cP-6 . 3 . 81c?‘®+ 10 . 9 . 27c?'®), 

12 X 243c?'®. 


which is 


Hence in the term containing c?'® is 
Hence — MF=1|4, or Fsb-^IS. 
Hence we have, finally, 


A=J, 
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fonotions, 


r3tuv(u~\"v), 


and conversely, 


J ~A, 

k=-|+1a« 


Unhappily a further step is wanting to bring M, Hkbmitb’s results to the final test of comparison ; for the 
value of A A' (p. 192) docs not agree with that given for AA' (p. 186) by simply changing J„ into J, 
respectively; a further change of A into 2A becomes necessary to make the ratios of AA', BB', CC' (p. 192) 
accord with the ratios of the same quantities at p. 186. Finally, even after making this change the expression 
for 16P (p. 203) does not accord (even to a constant coetficientpr^s) with that with which it is meant to be 
identical, viz. 161* (p. 187); so that after great labour I am still baffled in my attempt to ascertain the agree- 
ment or discrepancy of my conclusions with those of my precursor in the inquiry. As will appear hereafter, 
the two sots of conclusions are undoubtedly discrepant in form ; but whether they are so in substance or not, or 
rather whether they are or not in contradiction to each other, requires a close examination to discover, the more 
especially because, as will hereafter be shown, there is a certain necessary element of indeterminateness in the 
scheme of invariantivo conditions which servo to fix the character of the roots. It is greatly to be lamented that 
80 valuable a paper as M. Hermite’s should bo to some extent marred, in respect of the important end it would 
serve as a term of comparison, by the existence of these numerical and notational inaccuracies. I have spent 
hours upon hours in endeavouring to reconcile these several texts of the same memoir, and, after all my labour, 
the work is loft unperformed without which the truth as between the two methods cannot bo elicited. I feel, 
however, as confident of the correctness of my own conclusions as of the truth of any proposition in Euclid. 

C*) It is worthy of notice that there is a failing case in M. Hebmitb’s process for finding P in terms of A, J„ 
Jj, just as there is one in mine for finding G in terms of J, K, L, — ^tho failure of the process, however, in neither 
case entailing any corresponding defect in the results obtained. The process employed in this memoir fails 
when LasO : for then the general form is superseded by the supplementary one, au‘+5euv*’{-fu^. 

M. Hbejote’s fails when J (the J of this memoir) =0 ; for then the quadratic invariant becomes a perfect square, 
and the substitution of its factors in place of tho original variables becomes inadmissible, since the two former 
coincide. 

(**) It may bo as well here to notice the form which M. Hebuiie’s two linear covariants assume when 
referred to tho canonical form above written. Tho quadratic covariant being rsuv +8tvw+trwu, if we operate 

with the correlative of this obtained by writing in it ^ in lieu of «, v, w, viz. 

dv du du dv 

— rs ^ ^ sgt ^ ^ + 

du dv dt\du dv) dv\du dv). 

upon the primitive, we obt^ to a factor the cauonizant rstuvw, which has been already obtained ; repeating 
the process, it is easy to see that tho first linear covariant of the fifth degree in the coefficient assumes the simple 
form r8t(8tu+^+r8w), or r8t(^u+w+TU)). Taking again the correlative of this, viz. 

and operating with it upon r8uv+8tvw+trtvu, it will be found withont Acuity that the second linear covariant 
of the seventh degree in the coefficients becomes 

{(«■ — T)(<r + r- f )tt + (r — f )(r + f — a-)v + (p — o-Xf + ir r- r)w} , 
which is distinguishable in species from the former one by its qrmmetry being only of the henlihedral kind. 

(*) It may not be out of place to notice here that the Hessian of the canonical form will he found to he 

+• VM V. 


rat 
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their resultant ift respect to u, v is obviously 

(«) Again, if we write 

r$((^u-j-a’i/+riv)ss^ 

rs<(w— r)(o'+r— f )»+ (r— p)(r-f-f — + (f»— a-)(f + O’— r)u>)=; 

w+v+to =0, 

and from these equations deduce the values of u, v,w, and substitute them in rM*+sa‘4-/w‘, we shall obtain 
If. Hermite’s “ forme-typo expressed in terms of the parameters of the reduced form, and every coefficient 
therein will be invariantivo. . ^ 

The resultant of the equations above wnittcn (on making ^=0, C=0) will appear in the denominator of each 
such coefficient. Hence 4t appears, from M. Herhi'ie’s expressions (Camb. and Dubl. Math. Journal, vol. ix, 
p. 193), where J, will bo seen to enter into the denominator of A, 11, C, C', B', A', that this resultant to a factor 
is his J,. Its value may easily bo calculated, and will bo found to be 

f + <r+T)’— 4(j) + (r+r)(f 0 -+ fV 4- o-r) + 9pr= JK-fOL. 

Accordingly as L (to use Dr. Salmon’s convenient elliptical expression) is the condition of the failure of my 
general reduced form, so is 9L+JK the condition of the failure of M. Hermite’s “forme-type.” As particular 
cases of this last failure, wo may suppose J =0, L=0, or K=0, L=0. In the former case the reduced form is 
aa^-\-&ex*y, of which the simplest quadratic and cubic covariants are respectively aea^; a^y*x. Thus to find 

/ d\^ 

L, the first linear covariant, wo have to operate upon ae^yKv with > which gives aVa?; and to find Lj, we 

have to operate on (aea^f with ^ please (according to M. Hrrmitr’s method), with 

on aeo(?f showing that L, vanishes, but Lj continues to subsist. When, secondly, Ks=0, L=0,the reduced form 
is aaj'+ey®, and the canonizant disappears entirely, so that the first, and consequently also the second, linear 
covariauts, each of them becomes a null. 

By aid of the reduced forms of the invariants J, K» B; I given in the text, it is easy to prove that every 
other invariant, say £1 of a quintic, is a rational integral function of these four. In what follows, let a paren- 
thesis enclosing the symbol of any invariant signify its value when any two of the quantities «, v, w in the 
reduced form ru^+s^+tu^ ; [m+v+w= 0] »iro taken as the independent variables. We have then 

2f<r— 2f7'— 2<rr, (K)=f(rr(f + <r+i'), (L)ssfVV’, (I)=fVr®(f — <r)(er— f)(r— f), 

9, t meaning «#, tr, at. 

The degree of Cl must be of the degree 4m or 4m +2. 1. Let it bo of the form 4m. Then, since the in- 

terchange of any two of the variables «, v, w must leave (£2) unaltered, (£1) will be unaltered by the interchange 
of any two of the letters r, a, t, and is consequently a symmetric function of <r, r, the roots of the equation 


Hence 


(L)»« 


F denoting a rational integral function-form of the quantities it affects. Consequently 

F(J, K, L) 

““ L»"* * 

Hence since Q cannot become infinite when L=sO, which merely implies that the general form reduces to 

(a, 0, 0, 0, e, iXjv, y)\ 

0=«(J, E, L), a rational integral frmetion of J, E, L. 

2. If the degree O is of the form 4m-f-2, (O) will be a frmetion of r, a, t, which changes its sign when u and v 
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and consequently, if we call I the resultant in respect to or, we have 

±I =/^"gVT>((r-j)(r-(r)(g-r^), 

and 

^ P=p,»*gW((r— §)*(r--(r)*(g--r)* 

(43) Thus we see that the two quantities G, P, which* are both rational integral 
functions of the degree 36 in the coefficients of F(d7, y), cannot one vanish without the 
other, at all events when L is not equal to zero. This is sufficient to show that they are 
identical to a numerical factor whatever L may be, zero or not zero(*®), and con- 
sequently that the quantity called G, proved to be positive upon the supposition of L 
not being zero, must also remain positive when L is zero, because it is in fact the square 
of a rational function of the coefficients. But we may also prove this independiintly 
by virtue of the supplementary reduced form applicable to the case of 

L zero. 

For when L=0, G becomes JK^; so that the condition “G not negative” implies 
simply that J is positive unless K vanishes. 

, Now the canonizant, when it does not vanish, i. e. when e is not zero, contains v^u as 
a factor, and, its coefficients being real, ?/, v arc both of them necessarily real functions 
of or, y. Consequently J, which by definition is — 4xdiscriminant of quadratic cova- 
riant, becomes discriminant of a'u{eu-\-fv) in respect to w, v, which (jit 

being real. Consequently J is positive, since the reality of u, v implies that of a, e,f, 
when e is not zero. When e is zero «, v may be either real or imaginary ; for may 
be real whether ?«, v be real or conjugate imaginary functions of a;, y; but in that case 
K, which is found by operating twice upon the Hessian with a canonizant turned into an 
operator, vanishes, since then all the coefficients of the canonizant vanish (®®). Hence 
the rule that G cannot be negative is seen to be true, whatever L may be. 


or any two of its quantities u, v, tv, are interchanged, such interchange having the effect of introducing as a 

multiplier the 6(2m+ l)th power of the determinant of substitution (—1). Honco (O) is of the form 

# 

(f-<r)((r-T)(T-f)F(f, cr, r), i. e. 

(L)« 

which again is of the form 

(i).F((j), CK), a.)) 

(Ljs»‘-8 

80 that O is of the form 

~ Lam-s* 

Hence since, as before, O cannot become infinite when L=0, and since, furthermore, I does not vanish (for if 
so then G, which is P, would vanish) when £=0, Q must bo of the form I0(J, K, L). Q. E. D. 

(») For if for an indefinite number of systems of values of a, b, e, d, e, f, of which Q, I are rational 

integral functions, Q* and KP must be absolutely identical ; this of course is the case when Q* and EP, as proved 
in the text, are known to be identical for all values of a, b, e, d, e,/ whidi do not make L zero. 

(”) (*) the more general form au'+5€uv*+fi^f taking /i=l. The canonizant is this squared and 
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It may be said that the cdse of three or more equal roots existing in F y) has been 


tamed into an operator becomes aV ' which, applied to the Hessian, viz. 3a«wV-f-aywV— eV, after 


multiplying by g^ves K=— 2oV, so that D=J®~-128K=ay^+266aV, which is capable of easy vorifi- 

cation. In fact D becomes the resultant of au*+ev* and v^(4eu+fv); v® introduces the factor a* into D ; and 
farther, making u: v: : — 4e and sttbstitating in we obtain the other factor o/^+2506*. 

If we adopt u!^+5euv^+v* as the reduced form for the failing cose (a form analogous to the well-known one, 

K 

w*+6(juV+vS for the general quartic), to find e we have K=— 2/i*®«*, Hence 6*=— ^ ; thus when 

K=0, «5=0. 


(’*) By a linear transformation we may always take away any two (except the two first or last) coefficients of 
a given quintio, but the vanishing of more than two coefficients always corresponds to some invariantivo con- 
dition. ^ Thus, ex. gr., in the form 


a«‘+5ft*y<+/y® 

L=0 


a^+fy^ 

L=0 

K=0 

a.r^+5exg* 

L=0 

J=0 

ax^+lOdx^y* 

J=0 

K=0 

aa? + + 10ca:*y® 

L=0 

J=0 


(“) The condition for the existence of four equal roots in a quintic is the vanishing of the quadratic covariant ; 
that is to say, we must have 

a«— 4W!+3c®=0, ct/— 36e+2cc?=0, 6/— 4c«+3<f*=0. 

The three quantities equated to zero are not separately invariants, but constitute in their ensemble an invarian- 
tive plexus. 

(**) [It may here be nolioed incidentally that the conditions for equal roots in the biquadratic form are 
as follows. For two equal roots, of course, the discriminant is zero, for throe equal roots the two lowest in- 
variants are each zero, and for two pairs of equal roots the Hessian ^A, B, C, D, y)* becomes to a factor 
prh identical with the primitive (a, h, c, d, e"^, y)S so that all the first minors of the matrix 

flt, h f e f d f e f f 
A.f B, C, D, E, F 


vanish. Qwere, whether the character of the five-rayed pencil (centre at oripn), in which a. A; 6, B; c, C; 
dfl); e,E mark points, may not servo to distinguish between the case of four real and four imaginary roots.] 
C’) When J=0 and E^i^O, but not L=0, it is obvious that ^ : s* : r : : 1 : i : t®, i being any imaginary cube root of 
unity, and the reduced form is with the relation «-|-v-|-ti;=0. 

J and K being zero, D will bo so too, and accordingly the equation w‘-|-iv‘+i*h>‘=0 will have two equal 
roots. It will easily bo found that these equal roots correspond to the system of ratios u=l, t&=<. 
In fact, if wo write ussl+f, v=si*+if, the equation becomes «‘+ie*+»Ho'=ji®(30f +3f®)=0. 

Hence, understanding by $ either of the two prime sixth roots of unity, the complete system of ratios of u, v, to 
may bo expressed as follows : — 


Ussl 

usl 

u=l- ^lO 
tt=l4- -^lOs 
tos;l+ ^iOs* 



to=i 


tO=l • 

.^10 

to=i— r -^10 

Vio 

to=i®+ -^iOi® 

=f®+ -^lOi 

t03=t*- ^io. 


Thus, when J^O and ZwO, u, v, to (with the relation tt+v-ftonO) may first be'found, in tenns of a;, y, by 
MDOCCLXIY. 4 F 
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lost tight of ; but we know, and it is capable of immediate feridcation by taking as the 


solving the oabio equation, obtained by equating to zero the canoniiant of ^a, h, e, d^e,/y[^x, and then y 
will be known fn>m the above system of values for any two of the quantities u, v, w. 

O It is obvious that the form aa^+dar^^ gives J nOand KbO ; but it seems desirable to prove the oonverse, 
vis. thatwhoi JvO and £=0, but not LsO, the form is always reducible to which maybe done 

as follows. Sines JaeO and Kb 0 the discriminant is zero, and we may assume 

V=saa!^+5bx*y+10ca^y^+10da^y^, 

and we have Jb discriminant of 

( - 46rf + 7 

Hence 

3<P(3c*-4W)-.e>d»=0; 

d eannot be sero, for then we riiould have J bO, KbO, LbO, contrary to hypothesis. Hence 8e^— 12&<fB0. 
If 5b0 and cbO, F is already reduced to the desired form; but if not, dss~, and F becomes 

oO 

^ .12c 8 j^8(5» a 

aai*+-j arf / j ; 

or, making 

„ 5b 6 oi , 2w .. 

a———eif __2o, a7-)--g— bv, 

Fbjv* + 10 a;®v*, as was to be shown. 

The corresponding converses for the case of JbQ, LbO, and of KbO, LbO have been already estaUidied. 
(*) It will be observed that under a certain point of view L for binary quintics is the analogue of A the di$cri» 
minant for binary quortics, the condition of failure in the general reduced form in the two cases being Lb 0 
and AbO respectively. Tho mere vanishing of the discriminant in the case of the quintic function, unattended 
by any other condition, does not affect the nature of the reduced form. 

(*') It has boon shown previously in the text that when L=:0 tho primitive is reducible to the form 

0, 0, 0, y'y> 

Hence if I„ is any duodecimal invariant which vanishes when &=0, c:=0, (f=0, 1,, must vanish whenever L 
vanishes, and consequently, since L is of as high a degree as I,,, I,, must be a numerical multiple of L. In 
Mr. Oatlkt’s Third Memoir on Quintics, ** No. 29 ” represents a duodecimal invariant calculated by M. Fa! 
nx Bbuko, and characterized morphologically by Mr. Catxxt as being that duodecimal invariant in which ** the 
leading coefficient a does not rise above the fourth degree.” On ATHTnitn'iig No. 29 it will be found ^ contain 
no term in which h, c, d are all simultaneously absent. Hence it is, by virtue of the above observation, a mul- 
tiple of my L : to determine the numerical factor, let all tho coefficients in the primitivo except a, d be supposed 


zero ; then the canonizant becomes 

a 

0 

0 

d 

0 

0 

d 

0 

0 

d 

0 

^ =:d*y*+a<P«*. 


^y*X 

yaj* 

-flj* 


Hence L becomes — 270*^*®, but *‘No. 29” becomes 27a*<P®. Hence we have the important rdation 
** No. 29” = — L, so that No. 29 is a discriminant, an intrimie property of the calculated invariant, which, I 
believe, was not suspected. 

O It wiU at once be recognized that « No. 19 ” given in Mr. Catlst’s Second Memoir upon Quantics is iden- 
tical with the J of this memoir, whence it follows £ram. Mr.CATUiT*s eqnathm (No. 26)ss(No. 19)*— 1152 
No. 26, that K=9 (No. 25). Thus abstraction made of a mere numerical factor, Mr. Catlbt and myself agree 
upon perfectly distinct grounds in recognizing K and L as the true umplest invariants of their respective 
degrees, an accordance as satisfactory as it was unexpected, and which must be considered as setting at rest the 
question et wist dbeoU be desnoed 40 fo say, inimxiants of the Binary Qnfotil, 
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reduced form that on iuch h 3 rpothe 8 i 8 all the inTanauta J, K, h 

must vanish, so that JK^ is still non-negative (^°). 

(44) It is most important to notice that G can only become zero by idrtue of two of 
the quantities 0 -, r, and therefore of r, 8, t becoming equal. When u, v are imaginary^ 
it is the coefficients r, s which must become equal, as otherwise the reduced form would 
not be a real function of By equating r to s, and using as an auxiliary variable 

the ratio y or y, we shall be able to study the composition and inwaitt nature of G with 
the utmost clearness and facility. 


Section II . — On the Criteria which decide the Number of Beal and Ivnaginary Boots, 

(45) Since in the preceding section we have supposed that u, v are nlways real linear 
functions of y, it is obvious that the character of the roots of the given quintic in or, y 
is completely identical with that of the roots in the reduced form, and it has been shown 
that only one reduced form corresponds to a given system of values of J, D, L("). 

Let us suppose J, D, L to be taken as coordinates of a point in space ; when J, D, L 
are so related that the condition G non-negative is satisfied, the point will correspond 
to an equation with real coefficients, and may be termed a facultative point But 
when G is negative it will correspond to an equation of the kind alluded to in the 
recent section of this paper, and there called conjugate ; such a point may be termed 
non-fficultative. Thus the whole of spaed will be divided into two parts, separated by 
the surface G=0, which may be termed respectively facultative and non-facnltative (as 
being made up of facultative or non-facultative points (^) ). It is clear that these two 
portions will be exactly equal, similar, and symmetrical with regard to the axis of D ; 
by which I mean that, if two points be taken in any line perpendicular to the axis of D 
at equal distances from that axis, one will be facultative and the other non-facultative^ 
as is evident from the fact that when J, L become — J, — L (K, and therefore D or 
P— 128K, remaining unaltered), G is converted into — G. Thus by a semirevolution 


(^) When the form i»au'+5«uv^+yv* so that LssO, the cononizant, aa has been seen beforei, is a«Vtt; the 
resultant of these two is Again, J Kss —2aV} thus the square of the resultant 

so that if we call fins resultant, which we may take as the definition of the Octodecimal Invariant I, we have 
G= 16 P. 

(**) It should be well noticed that the mere ratios ^ ^ do not sullloe to determine the character of the roots. 


When these ratios are given, it is true that the ratios r, s, < in the reduced form are given, but according os L 
is positive or negative, the uguments «, v in (supposing w to be the real linear fhnetion of ar, y) 

will be real or imaginary. When J, L, D are all given ahBoluUHyf then the character of the roots is complete 

JBl Ii 

detennined. The inddUU mariks of a quintic ftmetion are three in number, vis. the ratios and the sign 

sf Ii or J, as finr a quattio ftmetiou thqr two in number, vis. ^ and the sign of s. 

(*) It wiU also be convenient to oaH the coordinates J, D, L corresponding to any fEundtstive point a fiionl- 
tatbw syrtem of invariants, and ^ oorraspemding to the samA (for.a given sign of J) a fimnltotive q^stem-sf 
invaiiantive ratios. 


4 B 2 
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round the axis of D the fscultatiye and non-facultative portidhs may be made to exchange 
places. 

(46) The axis of D itself lies on the surface of G, and like every other portion of this 

surface is facultative, for there is no reason for disallowing G to become zero. Con- 
versely, if, instead of a real equation, we take one of the conjugate class (described in 
the second section), the whole of the facultative portion of space (except the separating 
surface G) becomq/s non-facultative, and the non-facultative part becomes facultative, 
but G itself remains facultative. When the invariants, or any of them, become imagi- 
nary, we are put out of space altogether, and the system can belong, neither to a real 
nor to a conjugate family, but to one with coefficients at the same time imaginary and 
non-conjugate. •G=:0(^‘‘), it may be remarked, will in all cases be the condition of 
an equation capa,ble of linear transformation into one of recurrent (^‘) form; for the 
reduced form then in general becomes — t{u-\-vy. The case when G becomes 

zero by virtue of J=:0 and L=0, that is to say when the function is reducible by real 
or imaginary linear substitutions (see footnote (®®) (^)) to the form v(u*+v*), is the 
one which might for a moment be supposed to offer an exception to the rule ; but only 
the exception is only aj^parent, since m(w*— v*), on writing v=i>— S', becomes 

(47) To every point in space, it has been remarked, will correspond one particular 
family of equations all of the same character as regards the number they contain of 
real or imaginary roots, because capable of being derived from one another by real 
linear substitutions, such family consisting of an infinite number of ordinary or con- 
jugate equations according as the point is facultative or non-facultative ; but it may be 
well to notice that, conversely, every point does not correspond to a distinct family. In 
fact every point in the curves D=^J*, L=2'P(jp, q being constants) will denote a curve 
divided into two branches by the origin of coordinates, one of which will be facultative 
•and the other non-facultative ; but in each separate branch every point will represent 
the very same family. Any such separate branch may be termed an isomorphic line ; 
and we see that the whole of space may be conceived as permeated by and made up of 
such lines radiating out from the origin in all directions. 

(48) The origin at which J=0, D=0, L=0, as already noticed, corresponds to the 
case of three equal roots. The theorem that, when mo^e than half as many roots are 
equal to each other as there are units in the degree of any binary form, all the inva- 
riants vanish, was remarked by myself originally in the very infancy of the subject, 
before Mr. Cayley’s paper, alluded to by M. Hermite, appeared in Crelle. The method 
of proof which then occurred to me is the simplest that can be given. For instance, in 

(") I fdiaU heroafter allude to the surface denoted by 6=0 under the name of the Amphigenous SuifSacOj 
as being the locu of the points which give birth to real and conjugate forms indifferently. 

(^) The roots of reonrring equations, geometrically represented, in general go in quadruj^ets, A, A ! ; B, B\ 
where A and B, as also A', B', are mutual optical images of each other in respect to a fixed line, and A, A', as 
also B, B', are electrical images of each dther in respect to a circle of which the fixed fine is a diameter — ^with 
liberly, of course, for the images t^en in either mode of combination to coalesce so as to reduce the quadiraidet 
to a simple pair. 
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the case before us, if the qi&ntic have three equal roots, we may reduce it to the form 

Suppose now, if possible, an invariant of the degree m; weight of eachTterm therein, 
say in respect to a; or would be the same ^viz. so that we should have 

Ji 

and therefore r= 0 , 5=0, f= 0 , m= 0 . So for a sextic with three equal roots reduced 
to the form (a, c, 0 , 0 , Oja:, yf. Supposing any term in one of its invariants to be 
we should have 

or 6r-l-454“2^=0, ' 

which is absurd, unless /•=0, 5=0, ^=0, w=0, and so in general for a binary form of 
any degree. If in the above example for the degree m only three roots were equal 
inter se (the fofm assumed being (a, c, 0, 0, Oja:, y)®, any term in a supposed inva- 
riant being where r-|-5-i-#-l-M=?/i, we should have 


6r-l- 65-I- 4 ^ + =^3m=5-f 2<-|- 3 w, 

and, as before, 

6 r+ 45 + 2 ^= 0 , r= 0 , 5=0, t= 0 ; 

no longer, however, m=0, but m=u, which is left undetermined. 

( 49 ) Before proceeding further it will be proper to consider under what circumstances 
a variation (in the coefficients of any equation) arbitrary, except that the coefficients are 
to remain real, can affect the character of the roots. 

Let F(a :)=0 be any algebraical equation with real coefficients, and let J(Fa:) be the 
variation of F due to the variation of the coefficients, dF(a:) the variation due to the 
change of x into x-^dx. If, now, r be a root of F5:=0, and r-\-dr the corresponding 
root of F(5:)-|-^F(5:)=P, we have 

Fr= 0 , F(r-fdr)-i-iF(r)= 0 , or JF(r)+^F(r)(fr-f--~(|:) Fr(dr)*+&c.= 0 . 

//TT 

Hence, unless ~ = 0 , i. e. unless there are two equal roots r, we shall have 


dr= — ■j’- l -Lsr; a real quantity; so that the character of the root r-f-dr will be the 

same as that of r. 

But if 


dF 


^=«- • • • 


so that there are i roots r, i being any integer greater than zero, then to find dr we 
have the equation 

w:+7?^=®- 

Thus dr will have i distinct values ; of these, if i is oJd, all but one will be imaginary, 
but if f is even they will be all imaginary, or only all but two imaginary and thexemainp. 
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ing two real, accordmg as the sign of dF(r) is the same as or the contrary to that of 

t . 

F(r). .^xordingly, if r is real (**) and i even, the nature of the ensemble of the % 

roots r+dr will not be the same when iF(r) is positive as when iF(r) is negative. 

(60) So, further, if Fir=0 have 2m equal roots r, 2 m equal roots s, and so on, the deduced 

corresponding groups of roots in F(a,’)+JJF(a?)=0 will, or may at least each of them, 
undergo a change of character to the extent of one pair of the r group changing their 
nature with the sign of ^F(r), one pair of the s group changing their nature with the 
sign of so on ; but in no case, except F(^) possess some«equal roots {i. e, 

unless its discriminant be zero) , can an infinitesimal variation in the constants affect the 
character of the roots ("). 

(61) To every facultative point corresponds a certain set of values of J, D, L; and when 

these are given, it has been shown that the equation (a, b, c, d, e^fjx, yf is reducible to 
the form where tt-|-v4-io=0, or to the form ru]-{*8v]-{-tw^y where 

^ - — w+iv ^w^iv 

M,+v,+w=0, and ^ — » v,= — ^ — » 

or to the form u, v, w being dways real linear functions of a:, y, with 

the sole exception that when J=0, K=:0, L=0, the reduced form is 

IOcmV.* 

When these three invariants are not all zero, the coefficients in the reduced form r, s, t 
or a, e,f are known functions of J, D, L, and the chamcter of the roots is perfectly deter- 
minate; so that to every facultative point corresponds an infinite family of equations 
with real linear coefficients all deducible from each other by real linear substitutions. 
Thus then, with the sole exception of the origin, every facultative point corresponds to 
a determinate character of equation, viz. to an equation with four, or two, or no imagi- 
nary roots ; so that by a bold figure of speech we may be permitted to speak of every 
point but one in facultative space having a determinate quality, 8s masculine, feminine, 
or neuter. The origin alone is exempt from this law, and may,be considered to be of 
epicene gender, since the factor may have its roots real or imaginary. 

As we travel continuously from point to point in the facultative portion of space we 
pass firom ffimily to family, or, if we please, from an individual of one family to an indi- 
vidual of another family, differing from the former indi^dual by an infinitesimal varia- 
tion of the constants. 

(^) r, although supposed to be one of a g{ 0 up of equal roots, is not necessarily real, for it may bdong to a 
factor cos •+«*)*. 

(^) Compare this statement with the corresponding one given by )£. Hxbhixb, Camb. and Rub. Journal, vol. ix» 
p. 204, when only one parameter is supposed to undergo a change. I flu nk that greater breadth and at the 
same time greater precmion and dearness are gained by the mode of exposition employ^ in the text above. It 
will be observed Uiat for a change of character to be possible when the function passes through a phase of equal 
roots, it is not enough that there diall exist a group equal roots r, but there must be an even number of 
such zoott in the. group, and, flirthemlDre, the equal roots must be real; when this Wt supposition iif not 
vatisfied, no diange in the character of dr will afBsct the diaraeter of r+cfr : an instmetive ezen^lifioatiQn of 
1lik remark will occur in the sequd. 
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(52) If, then, we insulate any portion of facultative space, and in the block so insulated 
it is possible to pass i&om one point to any other^that is to say, if we can draw a eon* 
tmnom curve of any sort from one point to another without passing out of 4he block, and 
without cutting or touching the plane then by virtue of the principle just laid 

down, we see that all the points in such block have the same character, and the nature 
of the roots will be the same in the infinite number of families, each containing an 
infinite number of individuals which the points in that block severally represent. Now 
imagine a block taken so extensive as to admit of no further augmentation, except 
accompanied with a violation of the condition of the capability of free communication 
between |^int and point without cutting or touching the surface B ; such a block may 
be termed a region, and the whole of facultative space will be capable of subdivision 
into a certain number of these regions. This being supposed effected, the character of 
each region will be known when we know the character of a single point in it ; that is 
to say, every region will have a determinate character of positive, negative, or neuter. 
It will presently be shown that the number of such regions is only three (the least 
number it could be to meet the three cases of four, two, or no imaginary roots), one 
masculine, one feminine, one neuter ; and consequently there will be but three cases to 
consider when the invariantive coordinates J, D, L are given ; according as J, D, L 
belong to one or the other of these three regions, the equation to which they belong 
will have all its roots real, or only one real, or three real and two imaginary. The 
origin, it need hardly be added, constitutes a region per ee, in which, so to say, the 
characters of masculine and feminine are blended. 

(63) Let it be observed that we can see a priori that, were it not for the distinction 
between facultative and non-facultative portions of space, it would be impossible for 
each point corresponding to a given system of invariants to possess an unequivocal 
character ; for in such case there would necessarily be free continuous communication 
possible between all the points on each side of D inter se, and consequently we should 
be landed in the absiurdity of conceiving the general equation of the fifth degree not 
to admit of division into cases of four, two, or no imaginary roots ; B being negative, 
we know, would imply two roots, and not more.than two, being imaginary ; and accord* 
ingly B positive would imply either that four roots are imaginary or none — ^not sometimes 
one and sometimes the other, but in all cases alike four imaginary, to the exclusion of the 
supposition of the roots being all real, or else of all the roots being real and never four 
imaginary. Thus we see that the mere fact of a given system of invariants communi- 
cating a definite character to the roots, implies th(^ necessity of the invariants exercising 
a restraining action over each other’s limits, and that where this restraint does not exist 
it is impossible that the character of the roots can be determined by the values of the 
invariants. 

It is dear from the definition, that a region can onlj bo bounded by 0 tho ampbigenous suzfaco, ^d D 
the plane of the discriminant: and granted (as will be shown hereafter) that G and D towih eadi other in only 
one ooniinuons fine, it becomgi obvious d priori that there can be but two regions on one side of D and a single 
repon on the oUier. 
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(64) This is precisely what happens in biquadratic equations. In such we know the 
fundamental invariants «, or, if we please, t, A (where A=5*+27^*), are perfectly inde- 
pendent and subject to no equation of condition ; so that if we consider A as the 
^ordinates of points in a plane, the whole of the plane will be made up of facultative 
pointsr When A is negative, i. e. for representative points lying on one side of the line 
A, it is true we know that there is just one pair of imaginary roots constituting what 
may be termed the neuter case ; but when the representative points lie on the other side 
of this plane, they cannot be said to be either masculine or feminine, but will every one 
of them possess that epicene character which is peculiar to the origin alone in the case 
of quintic forms. A single example will make this clear. 

Take the two reduced forms 

-f* 6(1 + 

where u, v are real linear functions of ar, y, and 6 conjugate imaginary ones of the 
same ; and suppose s, the quadrinvariant in respect to to be the same for both forms. 
For greater convenience of computation consider b to be infinitesimal. 

Then in the one case the t is of the same sign as 

(l+0(l-(l+«)‘),i.e.^2., 
and in the other the t is of the contrary sign to 

2 ., 

80 that t is of the same sign (viz. negative) in each case. 

Again, in the two cases respectively 

C 


Hence t as well as s, and consequently t and A are alike for both, forms. 

But in the one first written the roots are of the same nature as those of 
i. e. are all impossible, and in the other of the same nature as in 



-) +H— ) (— ) +(— ) = 


0 , 


where «, v are real linear functions of 47, g and —1, in which case the roots are 
all possible. Thus we see that the very same values of t, A may correspond either to 
the case of four real or four imaginary roots, showing that the point A is what we 
have termed epicme. If wc • choose to take ^ as the coordinates, the same remarks 
would apply, except that A instead of a straight line would become a semicubical para- 
bola All the points on one side of this curve would have a definite neuter character, 
but those on the opposite side would be neither masculine nor feminine, but epicene. 

(65) With a view to its subsequent distribution into regions, I now proceed to ascertain 
tiie form of that moiety of space which I have termed facultative. 
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Let P=jK, J*=i-L. Then 

G 1 ,8 2^_72. 

J9 i^q 


and 


We may ibr the moment make abstraction of the section of G made by the plane of L; 
that being done, and J, K,‘ L being referred to the form ru^-{-sv’^+tw^ or 
calling M, and, as before, using g, o', r to denote st, tr^ rSy we have 

i J =M(g* — 2go’ — 2gr— 2o’r), 

K = r ( g + O’ + r ), 

±lj=WqW. 


Now when G=0, 
We have then 


and consequently 


we may suppose $= 0 -, ^^=-=54-4, 6 being a new auxiliary variable. 

g (T 

± J =M(r»-4gr), =:Mgrd, 

K=MVr(28+r)=M»sv(l+,^-). 

4:L=MYr® 

^ • 

^ K”” d+6 


(56) In general we have 5^4-45®— vrsO. 

By a well-known corollary to Descartes’s rule this equation can never have more 
than two real roots ; when v is positive there will always be two real roots of opposite 
signs ; but when v is negative and inferior to a certain negative limit, all the roots become 
imaginary. When v lies between zero and that limit, two roots of b will be real and 
both negative. To find that limit we may make 4fl®4"12d*=0, or d=--3, which gives 
i»=81-108=-27. 

(67) When D=0, j=J=128, i. e. «’+4S'-128«-768 = 0, or (4+8)’(«-12)=0 ; 

% 

SO that the roots of when D=0, are —8, --8, 12, and the corresponding values of v 
are 2", 2”, 2‘®27. 

If now we make d®4-45®=2", one of the real values of $ we know is —8, and the 
other will be the real root of the cubic equation d*— 43* 4“ 325—256=0. 

When 3=5, the left-hand side of the equation =126-f-160— 100— 266=— 71. 

When 3=6, the left-hand side of the equation =216-1-192—144—266= 8. 

Hence the real root lies between 5 and 6, and g lies between ^ and Thus 

g'<30 and ^=1—1^ is negative. 

Again, if we take 43*=27*2‘®, and take out the root 3=12, the resulting cubic 
becomes 

^*4-163*4-19234-2304=0, 

where it will easily be seen the real root lies between —12 and —16. 

MDCCCLZIV. 4 q 
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When -12, 


and when 5 =—16, 


2=«’JtI=144x|=192; 

j=256x|5=307t. 


Moreover, when ^ is a maximum or minimum, it will readily be found that 
d*+ll^-|-24=0 ; so that 5=— 3, or d=— 8. Hence for the value of 0 found from the 

D 128 . 

above cubic 2 '< 192 and j 2 =l— — ispositive. 

(68) When J=0, i>=0 ; and when L=0, j>=oo . 

For these two cases it will be more simple to dispense with the auxiliary variable d, and 
to revert to the original equation between J, K, L. 

Accordingly, when J=0, we find 8LK* — 432L*=0. Hence 

L=0, or K''=64L>, i. e. (■^)’=5tL*; 

SO that 4he complete section of G made by the coordinate plane J becomes a straight 
line, viz. the axis of D, and a semicubical parabola whose axis is the negative part of D. 
When J is very nearly zero, v becomes a positive or negative infinitesimal in the equa- 
tion 

One real root of this equation is 0= . 

.The other is — 4 + where (4( — 4)® -f- 12( — 4)*)^ = v. 


64 


Now 


5-(ra)V+<)-|7f- 

The first value of 0 gives K*=64L* to an infinitesimal the other value gives 


or, to an infinitesimal 


y ’ 


/ D y __512. 

Vi28; - 


SO that D passes from +oo to — oo , i. e. r- passes throng 


Zero. 


(69) In the annexed figure (^*), the plane of the paper repre- — n 

sents the plane of D, i. e. the plane for which D=0 ; JOJ is 
the axis of J, OJ being the positive and OJ the negative 1 

direction ; LOL is the axis of L, OL being the positive and ^ / + 1 * 

OL the negative direction. In order to avoid any appearance ^ Jf. 

of an attempt at a practicably impossible accuracy of drawing, I use straight lines to 

(") I shall rofor, when I have oocasioii to do so, to this fignro, which contains a synopsis of the whole theory, 
under the name of tho Dial figoie. ‘ / 
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denote cubical parabolas, and pay no attention whatever to relative magnitudes, but only 
to the order or progression of magnitudes, using the lines which are drawn in the figure 
not as copies but as symbols of the actual curves which are to be mentally imagined. 

Thus the line JOJ is used to represent the straight line L=0 ; A'OA' the cubical 
parabola P= 27 •2*®L; AOA the cubical parabola 2' ‘L; IlOn the cubical parabola 

P=-27Ln. 

It will be observed that certain combinations of zero, minus, positive and nega* 
tive infinity sxQ placed along the lines and inside the sectorial spaces. The meaning of 
these will be sufiiciently obvious ffbm what has preceded. They refer to the signs of 
the two values of D in the surface G for each point in the line or sector along or within 

which they are placed. At every point along the line OJ, ^ has only one value, and that 
positive ; along A'OA', ^ has two values, one positive and the other zero. Along AOA, 

^ has two values, one positive the other negative. Immediately belftw LOL two values, 

one + OOj the other finite and negative. Immediately above LOL two values, o^e — 
the other finite and negative. Along IlOn one value, finite and negative. 

Moreover D has been shown to be never zero, except along A'OA', AOA. Hence it is 
obvious that A'OJ and the opposite sector D has two values, hoth j^lus; inside the 
next pairs of opposite sectors two values, one plus, the other minus ; inside the next 
pair of sectors also two values, one plus, the other minus ; inside the next pair 6f sectors 
two values both minus, and in the pair of sectors left vacant, for which >< —27, it 
has been shown that D becomes impossible. 


(^*) It has boon shown in the procoding articles that corresponding to the line JOJ and to the line Iion, 
the vertical ordinate D of the amphigenous surface (Qs=0) has only one value positive for the former, negative 
for the latter ; along tho lino A'OA' two values, one positive the other negative j for the space between AOA', 
LOL indefinitely near to the latter two values, one positively infinite, the other negative; and for tho space 
indefinitely near to tho same on tho opposite of it, two values, one negatively infinite, the other negative. These 
results are collected and represented symbolically in the Table annexed. 

1 A' A L a 

+ 0 (+ 00 ) 

0 ~ (- 00 ) 

Thus, corresponding to the upper sheet of G, we have the succession 

+ + 0 (+ oo) — 

and to the lower sheet 

+ 0 — — (— w) “• 

the two sheets coming together at a cuspidal edge above JOJ and below Ilon. 

Moreover these are the only positions of tho line revolving in the plane of D corresponding to which a change 
in the nature of D eaa take place, and thus we can without farther examination fill up the TaUe, giving tho 
nature of D for the intervening spaces, and may thus obtain the Table embodied in the above, vis., 

J A' A L * U 

..11 * 

+ + + 0 + (+oo) - - 

^ + 0 ~ - - - 


4q2 
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(60) Thus it will be seen that the surfece G consists of two opposite portions precisely 
similar and symmetrical in respect to the axis of D. 

Let us trace that one of these whose ground-plan is comprised within the sector IIOJ. 
It will consist of two sheets coming to a cuspidal edge (a common parabola) in the 
superior part of the plane of L. The upper sheet will touch the pjane of D in OA(®®), 
and, remaining above the plane of D, approach continually to the plane of J as an 
asymptotic plane. The lower sheet will cut the plane of D in OA', pass under the 
plane of D, cut the plane of J, progress to a maximum distance from it, and then 
approach indefinitely to J as its asymptotic plane. This will become apparent by 
taking a vertical section of this portion, cutting the lines OL, OJ ; for the nature 
of the flow of the two branches of the section will evidently be as figqred* below, 
where y, X, X', Z, ^ represent the points in which the lines OJ, OA', OA, OL, Oil are cut 
by the secant plane. [It should be particularly || 

noticed that this fignre is only intended to exhibit, 
under its most general aspect, the nature of the 
flow of flbie two branches of the curve ; it is drawn 
in other respects almost at random, and makes 
no pretension whatever to giving a representation 
of the actual form of the curve.] 

No part of the surface G lies under or above the 
sector no J, except the axis of D. The cusp C, 
where the two branches meet, is the intersection of 
the cutting plane with the parabola J=D* lying in 
the plane of L, and there will be another cusp at t, 
the point of maximum recession from the plane of J. 

(61) I now proceed to discriminate, by aid of 
this surface, the facultative from the non-facul- 
tatiye portion of space. 

If in the expression for G as a function of J, K, L we substitute for K its value 

— . we obtain G= involving only lower powers of D ; so that, 

calling D,, Dj fwo real values of D in the upper and lower sheets of G respectively 
corresponding to any point J, L, 

G=:J(D-D,)(D-D,)Q, 

Q being a quantity essentially positive. 

Hence when J is negative the facultative points in any line parallel to D will be 
those for which D lies between D„ D„ but when J is positive, the facultative points 
must be exterior to the segment D,D,;-I denote this difference in the figure by placing 
a colon between the signs in each sectqr for which J is positive, indicating thereby that 
the facultative points lie between 4-<» and D,, and between D, and — oo ; but where no 

(**’) For the yalue of B for fhi» sheet is zero all along OA, and positive on author tide of it. 
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colon is interposed, then it is to be understood that the facultative points lie between D, 
and D,. Thus, if we turn back for a moment to the section of 6 last drawn, the whole 
of the space included between the two branches and the asymptote is facultative, because 
up to the asymptote J is negative, and beyond the asymptote the whole of the space 
not included between the asymptote and the lower branch is facultative, because beyond 
the asymptote J becomes positive. Thus, then, we see that the whole of that portion of 
the plane which lies on the left-hand side of the entire curve is facultative, and the 
portion on the right-hand side of the same non-facultative ; the curve separating facul- 
tative from non-facultative space aS a coast-line, indefinitely extended, separates land 
from water ; so that there is, as of course we might have anticipated, no break of conti- 
nuity in passing through the plane J. 

If we take a corresponding section of the opposite portion of space corresponding to 
the ground-plan JLIT, it is obvious that precisely the contrary takes place, because the 
sign of J is opposite in the opposite sectors ; so that what was facultative becomes non- 
facultative, and vice versd. 

(62) It is now clear that the whole of the facultative part of space is divided into 
three, and only three of the regions previously defined. One region will consist of that 
portion of it which is entirely under the plane of D : the second region will be so much 
of the upper portion as stands upon the acute sector JO A ; and the third of so much of 
the remainder of this portion as stands on the sector AOJJOn(®^). Again, as regards 
the second region, the line OA' is quite inopemtive against its unity, because we have 
vertical ordinates above Oh! through which free communication can take place between 
the blocks over JO A' and A'OA ; but when we come to OA, where G touches the plane 
of D, there we have an efiective line of demarcation between the adjoining blocks above 
the plane of D ; for it is impossible to pass from one into the other without going imder 
D and coming dp again through that plane, or else descending to the line OA and so 
meeting the plane of D (®*). 

• 

(**) It will be borne in mind that the whole of the infinite prism, both above and below, standing on nOJ 
belongs facultative space: the prism standing on the opposite section JOn, or, to speak more strictly, on the 
iitside of this last-named sector, is wholly unfacultativc. The facultative lino D which passes through 0 is com- 
pletely isolated .from the facultative portion which stands over AO^ except at the point 0 (which we ore for- 
bidden to pass through if we would remain in the same region), and is of course a rectilinoar edge to the facul- 
tative prism above referred to. 

(**) Two superior regions we knowdjjnon must exist to correspond respectively to the two cases of five and 
of one real root. Moreover we know d priori that two regions can only meet on the plane of D, and an inspec- 
tion of the dial-figure shows that only Oa can bo such line. Thus without completely making out the geometiy 
of the question as regards the remarkable lino (J=0, L=0) (the axis of D) which lies on the surface G, we may 
feel assured that the upper part of this line (which is easily found to belong to the 1-real-root region) cannot 
have any point except the origin in common with the 6-real-roots region, since otherwise these two regions 
would communicate along this line and merge into one. When it is considered that G is a surface of the ninth 
order in J, D, L, it will not appear suiprising that some difficulty arises in forming a mental conception of cer- 
tain of its local properties ; on the contrary, the subject of wonder rather is that enough can be ascertained about 
it in a very brief compass to shed all the needful light upon the analytical problem which it illustrates* 
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(63) It remains only to fix the characters of the several regions; but this requires 
no calculation to effect, for we know that when D is negative there is one and only one 
pair of imaginary roots. This disposes of the first of *the regions above enumerated. 
Again, We know that when L is positive so that the reduced form is the superlinear 
equation rw‘r|-se*-|-^*=0, w, «, w being real functions, D being also positive, there 
must be four imaginary .roots, as follows from the theory of the second section. Hence 
the third region has for its character two pairs of imaginary roots ; and consequently 
the only remaining region, the second described, must correspond to the aise of no 
imaginary roots, since otherwise we should be absurdly assuming the impossibility in 
any case of a quintic equation having all its roots real. 

(64) It may, however, be an additional satisfaction to see how the change of character 
comes to pass at the critical line OA from one to five real roots. 

Along the line OA we have found that, calling the reduced form 

»•=> i=J=7=«+^=-4- 

Hence the equation becomes 

Up V, being of the form — ^ — j — 2 — ’ because L is negative. 

Hence or 

i. e. 5wJ4-10w*«;J-l-vJ=0, 
i e. (w;+«;?)=0; 

80 that there are two pairs of equal roots of viz.4:/; to these values of ^ correspond 


Hence 


U — tV tt — 

« + <» tt+ir 

(l--/)?<=(/--l)t;, or (l-l-/)w=(<4-l)v; 


so that the two pairs of equal roots of | are il, the outstanding root corresponding to 
being ^=0. 

Now, still ke^ng u]^on the surface G, which we know is facultatiVe, let 6 become 
— 8+4f, where f is an infinitesimal, then 

-6120.; 


also the supposed equation becomes 

(4-4«)(ttJ+r})+<ii»+e^)*=0, 


or 


or, calling -=tj, 


(#a— u)*— (ie*4“t*'}*‘l"8(l“l"s)tt*~0 » 
(^f-l)‘-(^+X)‘+8(l+i)=0. 
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Let where r is an infinitesimaL Hence 

(-10(±<-l)‘+10(±<+l)*)»‘-8i=0, 

or 

20(l-10+5y-8f=0, 
or • 

*‘=w=+5i^* (r)- 

Hence caUing ff,, the two values of <r, the four roots that at OA were 1, 1, — I, — 1 

become 14 - ffij l+<^ 9 » — l+o'i> — 1 +<^ 9 » when becomes varied by 5 f jj)» conse- 

J* . . . . J® . 

quently become all real if j- is increased, and all imaginary if j- is decreased, i. e. be- 

come real or imaginary according as the line OA sways towards or awtiy from OJ, con- 
formably with what has been shown on other grounds. 

It will be noticed that in the line OA produced in the opposite direction, f. e. along 
the line OA, L being positive, the reduced form is 


4(«®-f- ) -f- (« -f v)‘ = 0, 


14 14 14 14 

and the roots of - become -= — 1, -= J so that, according to the canon laid 


down at the commencement of this discussion (see foot-note (")), no change in the cha^ 
racter of the roots can possibly take place along OA, and accordingly we have seen that 
this curved line does not correspond to any demarcation of regions. 

(65) It is easy to express tha conditions to be satisfied by the coordinates of a point 
according as it lies in one or another of the three regions which have now been mapped 
out, and it is clear that we have the following rule : 

When D is negative the equation has two imaginary roots. . 

When D is positive the equation has no imaginary roots, provided the two criteria J and 
2"L— J* are both negative(”); but if either of these is zero or positive, there are two 
pairs of imaginary roots (“). 

The duodecimal criterion-invariant, 2"L — J*, and the invariants of the like order, 
27*2*®L— J*, — 27L— P, I shall henceforth call A, A', 11 respectively. It has been just 
above shown that the three invariants J, D, A of the 4th, 8th, and 12th orders re- 
spectively are sufficient for ascertaining the character of the roots of the quintic to 
which they appertain. 


(**) Observe that this implies L also being negative ; so that ^ positive and 


C*) (*) Observe that io. general when 2“L— J is zero there are no facultative points above the plane of I>, but 
when J and 2“L— J, and consequently L and J are both simultaneously zero, a facultative right line springs 
into existence, viz. the axis of D extending botii above and below the plane of D. The reduced fonii of equa- 
tion (as previously demonstrated) corresponding to this singular line is u*±uv*sss0. 

(^) It may farther be noticed that on each side of the line OA the limits of D are between positive infinity 
and a positive quantity, and between negative infinity and a ne^tivo quantity ; so that as we pass from Oa to 
eititer side of it no facultative point ean be found lying in the {dano of U, showing that we cannot pass by a 
real infinitesimal variation of coeffloiehts' from an equation with two pairs of equal imaginary roots to an equa- 
tion with a sin^e pair of equal roots, as is apparent also on purely analytical grounds. 
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(66) The assertion that the whole of facultative space is divisible into three regions, in 
strictness requires a slight modification. It is obvious that the plane of D itself cannot 
be said to belong to any of the regions ; and in order to make our theory quite complete, 
so as to furnish criteria applicable to equations having equal roots, and to enable us to 
distinguish between the case of the unequal roots being all three real, or two imaginary 
and one real, we must qjjcamine what takes place in this plane, and under what circum- 
stances a passage from one point of it to ano^ier will or may be accompanied with a 
change of character in the roots. 

If the roots oif(x)=iO are supposed to be a, a, <?, d, where c, d, e are unequal, 
on varying the constants oifx in such a manner that the variation of the discrimi- 
nant D is zero, the two equal roots a, a will remain equal. Now in general we have 

; if this, under the particular supposition made, continued to obtain, 

da would have two distinct values, and the two equal roots would cease to continue to 
be equal, contrary to hypothesis. Hence we see that D=0, SD=0 necessarily implies 
^a)=0(“), and consequently 'hf{a-\-da) is no longer Ifa^ but 'hfada\ so that we obtain 

da^^y or and no change of character in the five roots results. If, however, 

the original roots are a, a, c, c, <?, then, as shown in the general case, '6c will have two 
distinct values, which will be both real *or both imaginary. Accordingly we see that in 


(“)(“) This is a somewhat curious theorem (whether new or otherwise I know not) thus incidentally established 
in the text, viz. that if D(/) represent the discriminant of/, and if D(/)=0 and ^D(/)=0, then when/s=0 we 
must have j(/)=0. The very simplest examplo that can be chosen will serve to illustrate this proposition. Let 

/= + 2hxy cy*. 

Suppose 


D(/)=ac-J»=0, 

and also 


^D(/)=aJc+cJa— 26J6=0, 

we have 


^(/)=asa;*^a+ 2xy6h + y^6e. 


Now if / sbO we may write yss—a, and J/ becomes 

bHa’-*2ah$b-\-aHe 
= — 2ab$b + 2abSb — aeSa 
=(6*— ac)Ja=:0, 

acoording to the theorem. 

If we make/=(af, 1)", D wo know becomes a syzygctic function off and/' ^moaning by Ae latter 

since JD vanishes when/jf=0, D=0, and il/(.r)s=0, we Icam that J(D) is a syzygetic function of (/,/', if). 

The theorem thus stated easily admits of extension to the higher variations of D, and so extended takes I 
believe the following form : 

^f(D)= a syzygetic function of (/,/^/'^ ..«•/'» 

C*) Professor Catlbt has since informed me that the theorem in (") (*), about whose originality I was in doubt, 
will be found in Bchlavu’s * De Eliminationc.’ This is not the first unconscious plagiarism I have been guilty of 
towards this onfinont man, whose friendship I am proud to claim. A much more glaring case occurs in a note 
by me in the /Comptes Bendus,’ on the twenty-s^ven straight lines of onbio sur&ees, where I believe I have 
followed, (like one walking in his sleep), down to the very nomenclature and notation, the substance of a por- 
tion of a paper inserted by ScniAjrxj; in Ae * Mathematical journal,' which bears my name as one of file editors 
upon its face I 


D- 


Hence 



AM) IMAGINABT BOOTS OF EQUATIONS. 


the plane of D no change can possibly take place except in crossing the line which 
corresponds to a family of two pmra of equal roots. 

(67) It has already been pointed out, in a foot-note, that we cannot pass facultatively 
from OA to either side of this curve line. Hence the separation of the plane of D into 
subregions can only take place along the line OA, and it remains but to ascertain the 
character of the points on either side of this line, which we know, therefore, a priori^ 
must possess o^osite characters, since ^herwise we should be admitting the absurd 
p^position of its being impossible to construct an equation of the fifth degree having 
two equal roots without the remaining, three being always of one character^ either all 
real or all not real. Let us, then, ascertain the character of the points in OJ for which 
D=0, L=0, and J is po8itive(“). 

Since L=0, the reduced form is 

This equation, by Descabtes’s rule, must contain imaginary roots. Hence in the sector 
AOJ the roots are all real, and in the remainder of the facultative portion, of the plane 
(from which it may be noticed the sector AOJ is excluded) two of the roots are imagi- 
nary. 

Along OA itself there are, as- already observed, two pairs of real equal roots, and 
along OA two pairs of imaginary equal roots. Thus, finally, we have the cmnplete rule. 

If D is negative, 2 roots, imaginary. 

If D is positive. 

When J, A are both negative, 0 roots imaginary. 

„ J, A are not both negative, 4 roots imaginary. 

If D*is zero. 

When J, A are both negative, 0 roots imaginaryl , . « 

T A .t u o i. • • fl PS-ir of equal roots. 

„ J, A are WOP both negative, 2 roots imagmaryj ^ ^ 

„ J is*negative, A zero, 0 roots imaginary! « . « 

T • • A A , . . [2 pairs of equal roots. 

„ J IS positive, A zero, 4 roots imagmaryj ^ ^ 

„ J is zero, A zero, 3 equal roots (®*^“). 

Thus we see that our space referred to an arbitrary origin, and with the invariants 
J, D, A for the coordinates, has been first divided into facultative and non-facultative 
space. The former has then been resolved prismatically into two regions above and one 
below the plane of D. The plane of D itself, or the facultative part of it, into two 


(^) 'We could not take J negative, for tho facultative points of D in J aro two positive quantities. See dial 
figure. 

(“ "When Dr=0, A=0, there aro two pairs of equal roots. If J is native these pairs are both^reaL If 
J is positive they are both imaginary. 'When J is zero there are no longer two pairs, but a single triad of equal 
roots. This perfectly explains what at first sight has the air of a paradox, viz. that tho discrimination between 
the two kinds of double equality of an apparently equal order of generality that may subsist between the roots 
of an equation, depends on the fulfilment or failure of an algebraical equality. The fact is, as shown above, 
that there are not, as commonly supposed, two, but three kinds of doable equality, according as there are two 
pairs of real, two pairs of imaginary, or one triad of equal roots ; and the last is a sort of transition case between 
the other two. 


MDOCCLXIV. 
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planar regions on opposite sides of the line AOA ; and again this line into two linear 
regions on either side of the origin O, which last corresponds to the case of three equal 
roots, and constitutes a region or microcosm in itself. 

^ (68) It may as well be noticed here that the ambiguity of character in the points 
representing the different families of biquadratic forms when t and D are taken as the 
coordinates (and the same would be true if s and D were employed), which prevails 
when these points lie above the line D=0, qgually obtains along this line itself. For 
the reduced form, when D=0, is In that case, tiling the de^- 

minant of transformation [a, we have D=— and Ihus, whatever s and 

D may be, the character of the unequal roots is left undecided. 

It may also be noticed that the blending of characters at the origin for the quintic 
form is not precisely of the same nature as that ‘for the points above the line D in 
the biquadratic form ; for at these points it is the cases of 4 and 0 imaginaries which 
become undistinguishable invariantively ; whereas at the origin for quintics the re- 
duced form becomes characters left undistinguished are 

those of 4 and of 2 imaginary roots — unless, indeed, we consider equal real roots as 
belonging indifferently to the class of real and imaginary ; on which supposition all the 
three genders (so to say), masculine, feminine, and neuter, become blended together at 
that point. But if we consider equal yeal roots as exclusively of the real class, then the 
origin for quartics ceases to be epicene ; for when there are three equal roots all of them 
must be real. Thus the origin in quintics is the only epicene point, and in quartics 
the only non-epicene point — ^understanding by epicene the blending of the masculine 
(4 imaginary roots) and feminine {no imaginary roots) characters. 

(69) We may draw some further important inferences from an inspection of the 
** dial figure,” or the section of facultative space which follows it. 

Within the prism JO A' (”) it will be observed D is always positive (“). Heftce, when 
J is negative and A' is negative, all the roots must be real, and the necessity for using 
the criterion D is done away with. 

Again, when J and L are both negative, D is always negative, so that just two of the roots 
must be imaginary ; and in this case also it becomes unnecessary to apply the criterion B. 

Again, since there is no facultative prism corresponding to nOJ, the combination 
of L and B, both negative, can never occur unless n is negative. 

When L is negative, but J not negative, there may be two or four imaginary roots, 
according to the sign of B ; but all tUe roots cannot be real. 

(70) . M. Hesmite’s rule is as follows. For remarks on the relation between his A, 

J, and the J, K, L of this paper, see foot-note (’*). B is still the discriminant 

If B is negative (of course) two roots are imaginary. 

■ If B is positive. 

(*^ By ^riiieh I mean iritldcB the HkeoUative pritm JOA' is file section made by the j^aiie of D. 

The TMrtieal seefien of fhonltstive space intibis snf^poaitum (see jfigiire)iatheasrea aCV, whiohliea whdly 
above the plane of D. 
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When A is negative, 25 A*— 8.2^*^ J, negative and J, positive, no roots are imaginary. 

A is negative, 25A*—3.2*®J8 positive, 25A*--2"J, negative, no roots are imaginary. 

A is positive, four roots are imaginary. 

,Ais negative, 26A*— 3.2‘®J8 positive, 26A*— 2“J3 positive, four roots are imagi- 
nary("). 

(71) What is the effect of the condition ** A positive or negative^' as the case may 
be ? or rather, lyjw does this condition ariae % The ground of it is simply this, that A=0 
represents a cylindrical surface passing through the curve OA (see dial figure), which 
curve is the edge of separation between two regions of opposite characters above the 
plane of D ; the cylinder in question cuts the facultative position of space below the 
plane of D, but above this plane (except along the vertical line J=0, L=0, i. e. the 
axis of D) it passes exclusively through non-facultative space, never again cutting or 
meeting the surface G (the facultative boundary). Now it is clear that any surface 
whatever which passes through OA and never meets the surface G above the plane 
D=0, except along the axis of D (i. e. the line J=0, L=0), fhay be substituted for 
A(“) and will serve equally well with A to distinguish between the masculine and femi- 
nine regions of space. A— f JD will fulfil the condition of passing through the line OA, 

(») (*) The last four conditions ought to^tally (and ho in effect coextensive) with the two given by me for 
the case of D positive. The third of them, viz. the case of D positive A positive, I have already noticed, as 
inferences £rom the dial figure ; for M. Hbsiciie’s A, if not identical with my J, iS at all events a positive mul- 
tiple of it. I do not see how the case of A negative, 25A®— negative with D positive, is met by this 
system of criteria, since J,, as well as A, may be negative consistently vdth the second condition. I have not 
been able to ascertain whether in the memoir such a combination is shown to be impossible. M. Hxsiiizb 
admits, and indeed has been always awaro of, the existence of a lamna in the conditions above stated, which, I 
understand from him, it is his intention at some future time to fill up, and thus to complete his original solution. 
In the meanwhile he has been led to study the question from a different point of view, and has succeeded in 
obtaining a new set of criteria adequate to a complete solution of the question without calling in the aid of the 
principle of continuity. In this now system my A criterion is replaced*^by an invariant of the twenty-fourth 
degree, which is of course an objection as far as it goes, but in no wise diminishes the extraordinary interest 
that attaches to this altered mode of approaching the question, which bears to his original method and my own 
the same relation as the proof of Situuit’s theorem by the law of inertia for quadratic forms bears to that given 
by Stttbjc himself. 

(*) It is apparent from the fact that when DssO, G (M. HsBsars’s P) becomes (26A*— 3.2’®J,)(26A*— 2”J,)’ 
(Camb. and Dub. Journal, vol. ix. p. 206), that the factors of this product are respectively of the form aA'+iJD, 
eA+«^i Of f being certain nun^prical quantities. This gives rise to a singular reflection, to vnt, that my 
own criteria for tho case of D positive may be varied by thesaddition of a term XDJ to A (A being a numerical 
coefficient), provided A lies within certain limits, the form of the criteria in all other respects remaining un- 
changed. This proposition, fraught with the most important consequences, and not unlikely to lead to an 
entire revolution in the mode of attacking the general problem of criteria, I proceed to establish in the text. 

(*®) The surface to be employed will be A— fJD, which call K. A and M (or at least their up^ portions above 
tiie plane of D) may then be regarded as the two sides of a sack, of infinite dimensions, open at the top, and 
^ seamed together at the bottom, along the curved line DssO, A=0, and in the. vertical direction along the 
straight line J=0, X=s0. The surlhoe A serving as a screen of separation between the two upper r^ons, it is 
dear that M will serve equally weH as such screen, proviM no superior facultative points lie in the interior 
of the sack. 


4 B 2 
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whose equation As=0, D=:0, and obviously is the only invariant not exceeding the 
twelfth order capable of so doing; it only remains to ascertain within what limits the 
numerical coefficient g must be taken so as to fulfil the condition that the combined equa- 
tions A— fJD=0, Gr=0 shall be incapable of being satisfied by any positive value of D. 

(72) Substituting for A and D their values, the equation to be combined with G=0 
becomes 

P-2"L+fJ(P-128K)=0. 

Returning to the notation of art. (56), and dividing by JK, this equation, when G=0, 
becomes ^ 

J-2"f+f(2-128)=0, 


or 

(1 +f)^y— 2"^=128^y, * 


which, substituting for v in terms of gives 


He 


H6 


— 128^^(^+4), 


or 

(d+4)d*(H8)((6’--46»+32d-256)+(d*-4fl»-96d)g)=0. 

When 54-8=0, D=0, see art. (57); neglecting, then, this factor, the condition to be 
satisfied is that when from the equation 

(5+4)5*((5»-45*4-325-256)g-f(5®-45>-.965))=0 
a value of 5 has been deduced, the* values of D coAesponding thereto shall not be a 
positive finite quantity. 

(73) Now 

D - 128(H6)_d» + 4fl*-128(H6)_{H8)*(Hl2) 

j8— ^ fl«(H4) 5*(H'4) ' ®*(H4) 

If 5=0, or 54-4=0, since D cannot be infinite, we have J=0, so that A— jJD be- 
comes identical with the original criterion A. Hence the factor (5 4* 4)5* in the quantity 
just above equated to zero may be neglected, and the condition to be fulfilled by g is that 
if 5 be any root of the equation 

~y»+4<* ~-32H 256_ 


4 shall be between —4 and 12 ; this equation on making 5=— 4^, so that 1>^> — 3, 

becomes « « ' * 

_^« + f*«h2^ + 4 

or, writing a = — 

^ 2^ + 1 _ 2^ + 1 


(r= 


6f “ (f - 2)^(^ + 3) * 


(74) We wish to ascertain what values of ir'will be incompatible with thewiolation of 
the limits just assigned to and accordingly we must inquire what is the range of values# 
assumed by v when ^>1 or ^< — 3 ; any values of 9 not included within this range will 
be admissible for the purpose in view. 
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When <p'< — 3, (T is always positive, and proceeds continuously from oo to 0 as ^ passes 
from — 3— i (s being infinitesimal) to — oo. Consequently <r must not be allowed to 
have any positive value. When ^ = oo, o-sO, and when ^=1, <r=— J. 

Hence, if no minimum value of a (i. e. no maximum value of —a) occurs between 
^= 1 , ^=00 , ff may have any value between 0 and — but if such a miniiu u m value, 
— M, where M>|-, should exist, the admissible values of 9 would become more enlarged, 
and might be taken between 0 and — M. 

Making then ^(r=0, we have 

2 _3<p^ + 2p^6 

+ 1 “ f*— * 

or 

4^*+6^i»+2?)-6=0; 
which, substituting 1+4/ for becomes 

44/»+174;»+244/+6=0; 

so that there can be no real root of the equation in ip greater tdkn unity. 

Hence the admissible values of 9 are defined by the inequalities 0>o’> — f, 

i. e. 0> — ^>— I, or 0 >—(!+§)> — 3, or 2>g>— 1. 

(75) We have thus obtained the complete solution of the problem of assigning inva» 
riantive criteria, such that their signs (positive, negative, or zero) shall serve to fix the 
nature of the roots. These criteii# we now see ar§ 

, J, D, A+^JD, 

where (a (the negative, if must be noticed, of §) is any numerical quantity intermediate 
between 1 and — 2 (®‘). 

(76) This important modification of the original criteria J, D, A I proceed to apply 
to the problem of obtaining the simplest and most symmetTical expression for the criteria 
in terms of the roots of the equation. Let a, c, e?, e be the roots, and write 

or say 

■z=s{?Ki.c)(“2‘’)}n. 

(“) strictly it has only been proved that the surface A+ftJD, which passes through the lino A, D, contains 
ho superior facultative points except those comprised in the lino L=0, JssO, It is, I think, not difficult to see 
from this, that, if in the **sack** formed between A and A+fJD any such points were contained, L=sO, JssO, 
t. e. the axis of D would he a double or multiple lino on tho siufaco Q, which is easily disproved by exam i nin g 

the algebraical form of G in art. 41, where K r^rcsonts — — j any obscurity, however, which may be sup- 
posed to cling to this view is immaterial, as a demonstration capable of being followed in piano and leaving 
^ nothing to be desired in p<hnt of perspicuity, will he found in the Note appended to this Fart. 

(**) Agreeable to the meaning assigned to C and to a couple of rows of letters in my memoir on Syzygetie Eo- 
lations, in the Philosophical Transactions. 
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Then, sinoe each letter occurs the same number of times (12) in each term, Z will be an 
invariant. 

(77) Again, suppose any two roots to become equal, say that e becomes then Z 

ah c 
dd 


accompanied with the factor ^ ^ 

If, further, we suppose any two of the letters a, c to become equal, then Z disap- 
pears entirely, since on that supposition ^(a, hf c) vanishes. Hence Z is an invariant of 
the twelfth order, possessing the property of vanishing when the equation to which it 
belongs has two pairs of equal roots. Hence Z is of the form ^A+g'JD, and it be- 
comes of importance to ascertain the value of the ratio 

To do this let us suppose e=0, a=~~h, c=-~d. 

The ten terms in Z correspond to the following ten partitions : — 


(1) 

(2) 

(3) 

(4) 

ahc 

ahd 

acd 

hed 

de 

ce 

he 

ae 


(6) 

(6) 



ahe 

cde 



cd 

ah' 


(7) 

(8) 

(») 

■ (10) 

ace 

hde 

ade 

hce 

hd 

ac 

he 

ad 


(78) The corresponding values of the terms will be 

4a*(a»-c>)’-16(aV)8»(a’-c»)*; ia\a*^c*yi6a^<f{a'-c*y; 4c»(a»-c*)M6aV(a*-c»)^ 
4c*(a*-d*)n6aV(a*-c»)^ 4aV(a»-c»)>; 4c»a«(o»-c»)*; (a-c)»266a‘c‘(a-|-c)»; 
aV(a— <?)*266aV.aV(a-i-c)*; (a+(?)*266aV(fl!— c)® ; (fl-|-c)*2b6aV(a— c)®. 

Collecting and simplifying these terms, and observing that 

(o-c)^o+c)*+(o+<')’(o-e)*=(<^-«*)((o+c)‘+(o-e)*)=4(«‘-c‘X«‘+lW+c‘), 

we find 

Z=128(o*+c’ycX“’-c’)'+4(<^+«*K«X<^-«’)' 

+1024(a*+(!*)((i‘+lW+c‘X<?-<!*)W. 

Let(a*-c*)*=i>, aV=s, and let Z,= Tben 

Z;=1638^+102^2‘+12%*;+^< 

= 2‘i>2*+2 Yj*+2y2+2y. 




which vanishes. 


reduces to the single term J (a, h, c)^ 


^ ; for any such factor as J(o, h, d) vnU be 
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(79) We must now calculate J, D, L: 

1 


or writing 


D — Cf —"C, 0) 
=g54aV(a*— c“)* ; 

D 


D= 




Again, for J. The form to which it belongs is 

a?* — («’ + aVay *, 


or 


so that the coefficients of the biquadratic Emanant are 


a:; — 


«*+c* 
10 


a* + c* artr 


«*c* 


or. 


Hence the quadratic covariant becomes 

Hence, by definition, J (which =— 4x Discriminant of the Quadratic Covariant) 
and making 


T € 64 6 2« 

625-P 625 


Finally, to calculate L. The canonizant of the form 

1 0 A 0 * 

0 A 0 B 

A 0 B 0 

f; —ccfi ct^yi —a:* 

{A»-AB>p»+(B*-A‘B)a^, 
of which the discriminant is 
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where 


A + -p 

A=-_, B= 


fl*C* 


Hence, by definition, 

L=AB*(A*-B)< = - j25^(o*+i>)(o*4‘)((<i*-i*)*-16o>J») ; 

and making 

T- 

(a*+c*)(?3’ 

(80) Now let us write 

iz=,L+<!JDn+a’. 

This gives 

^ + «( ^ + 42') Jf + 


or 


V+1282y+10242y+16384^2" • 

=125(256^^^4“ 24jo^^)^4"(i^ + ^Q)(^P + 642')^g4” lOj)^^?), 

by means of which identity we can obtain linear equations for finding the values of ^, *6, n. 
Thus, equating the coefficients of^*, respectively, we obtain 


which gives 


Hence 


4=21664 -^j 7, 

4.64®64-^^=0, 

A 

i)=— 2‘'e (as it ought to do), 

128=(24 X 125)«+(4 X 216+108 x 64)j+64 2"i 
= SOOOc-}" SSOOg. 

200.=4, .=i 

8000e=:128-«176=:-48, «=-j |5 and ;=-|- 


In order to verify the value of c, let2>=-“4, 2=1 ; then, assuming the correctness of 
the atoove determinations, we ought to find 

4'-128.4*+1024.16+16384=126(256.16-24.64).^+jL. 160000. -2“.^, ’ 

or 

2‘*(l-8+16-64)=(-32.266+48.64)-^ X160000, 

or ' . 

2**(-65)=~5120-25.2048=s2"(-6-50), 

which is right. 

(**) Since Z has been proved to bo of the form pA+oJB, we know d priori the valne of £; but I have 

1) 

thought it safer to determine §, % independently, as an additional check upon the accuracy of the computations. 
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(81) Thus 

-Z=i'(2"L-J*+gJD) 

=^(A+»; 

and accordingly we have proved that — Zis of the form (A+^JD); and consequently, 
since ^ lies within the allowed limits 1 and — 2, — -Z may he used to replace A in the 
system of criteria. 

(82) On examining the composition of Z, it will be found to have a remarkable relation 
to the lower criterion J. 

J we know is, to a numerical factor of the form 

J, c)}f 

^ denoting, as usual, the squared product of the differences of the quantities which it 
affects ; and Z, it will readily be seen, is of the form 

and the squared factor is always positive whatever the roots may be, for ^ is always real. 
Hence the essential part of our rule thus transformed comes to this, that if 

2(^(a, by c)x(d— ^)*) and by c)y\d- e)"^} 

are both of them positive, then when the discriminant is positive, so that the case of two 
of the five quantities a, by c, d, e being conjugate and the other three real is excluded, 
and the choice lies between supposing all or only one of them real, we are able to affirm 
that they will all be real. Nothing could be easier than to multiply tests expressed by 
simple symmetric functions of differences of the roots, any infringement of which would 
contradict the hypothesis of all the five letters denoting real quantities ; the difficulty 
consists in discovering a system of the least number that will suffice of decisive tests, 
such that not only their infringement shall contradict the hypothesis of imaginary roots, 
but whose fulfilment shall ensure the roots being all real. This is what has been proved 
to be effected by means of the invl.riants J, D, A+I^JH. 

In the case before us it is clear that when the roots are all real, each of the sums 
above written must be positive and greater than zero. That their being both positive and 
greater than zero is inconsistent with four of the letters a, by c, d, e being imaginary 
would probably not admit of an easy direct demonstration. 

Z we have seen is only a l)articular value of the general invariant which 

may be called M!*, where (a is an arbitrary constant limited to lie between 1 and —2. 

(83) It may be well to notice the effect of using as a criteriony in conjunction with 
J and D, the value of M oorrespondi]% to either extreme value of In such case, 
supposing M to become zero, it might for a moment appear doubtful to which region 
HDCCCLZIY. 4 s 
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that point reptesenting the family of forms is to be referred. But since the doubt can 
only arise when J is negative and D positive, and since by hypothesis we have A= — ju.JD, 
we see that A takes the sign of fjtt ; and consequently the sign of M, when it becomes 
zero, is to be understood as following the sign of jS6, i. e. as positive when is 1 and 
negative when ft is —2. 

(84) The method above given for ascertaining the nature of the roots of a quintic 
involves the use of only three criteria. It may be inquired how many would become 
needful in applying Sturm’s method. In the case of a cubic equation only the last of 
the two Sturmian criteria comes into use ; and it seems therefore desirable to ascer- 
tain whether all four of the Sturmian criteria applicable to that case are required, or 
whether a smaller number ^e sufficient. I speak of four criteria, inasmuch as the lead- 
ing terms yir and/'j? cannot be considered as such, their signs being fixed; so that we 
are at liberty to consider them both positive. Suppose all six St\jrmian functions to be 
written down, including^ (a function of x of the fifth degree) andf'Xj and let us cha- 
racterize by the index (r, s) any succession of signs of the leading coefficients which con- 
tain r continuations and s variations, and which therefore will correspond to the case of 
(r— s) roots. 

The total number of cases to be considered are the sixteen following : 
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the successions corresponding to the indices (2, 8), (1, 4) will become impossible, as 
corresponding to a negative number of real roots. An inspection of the eleven cases 
corresponding to the indices (5, 0), (4, 1), (6, 2) will show that no ^srna^.oombination 
of signs in the third, fourth, and sixth columns belongs to any of the thi^ <^a|acters 
(5,«0), (4, 1), (3, 2) exclusively, and consequentl^all four signs must be used; and there> 
fore, if the method of Stubm is employed, four criteria are indispensable for determining 
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effectually the character of the roots in an equation of the fifth degree (•♦) ; whereas in 
the symmetrical and invariantive method which I have employed three have been seen 
to suffice. 

In an equation of the seventh degree the case of 0 or 4 will be distinguishable from 
that of 2 or 6 imaginary roots by the sign of the discriminant, and then again the case 
of 0 from that of 4, and of 2 from that of 6, by other invariantive criterion-systems. So 
for an equation of the ninth degree, the first separation will be that of the 0, 4, or 8 
case from that of 2 or 6 ; then it may be conjectured the 2 case will be invariantively 
separated from the 6, and the 0 or 8 from that of 4, and, finally, 0 and 8 from each 
other— the reduction of cases apparently depending upon the relation of the index of 
the equation to the powers of the number 2. This mucW we know (from art. 49) as 
matter of certainty, that no single criterion other than the discriminant can ever serve 
to distinguish one form of roots from another so that all other criteria must accom- 
pany each other in groups ; and accordingly the scheme of criteria established in the 
foregoing investigation is in kind the very simplest a priori conceivable. 


(M) equation of tho wth degree there aren — 1 variable criteria, each capable of being + or — , and 

thus giving rise to 2»*-‘ conceivable diversities of combination. The actual itumber possible, however, is consider- 

ably less than this : and I find by an easy method that this number, when n is odd, is 2"“*+— and 

1 ^ \ ^ / 

when n is oven, is 2”~^ +— — — ■■■ " '♦ 

(•’) Not quite foreign to this subject is tho inquiry as to tho comparative probability of each different succes- 
sion or each different family of successions possessing equivalent ebaraetbrs ; and, as connected therewith, tho 
comparative probability of a certain specified number of the roots of an equation of a given degree being real 
and the remainder imaginary. In the simplest case of a quadratic equation of which the coefficients are real 
but otherwise arbitrary, I find that upon the particular hypothesis of the squares of the throe coefficients being 

limited by one and the same quantity, the probability of the roots being imaginary is or ‘3727932, 

a little less than f , this being tho value of the integral ^diCda(l-^-. but we are not at liberty to infer 

from this the value of tho probability in question when the coefficients are left absolutely unlimited. A case 
in point, as illustrating the effect of imposing a limit in questions of this kind, occurs in the problem (which I 
raised in my lectures on Partitions) of fin^ig the piobability that four points placed at hazard in a plane will 
form tho angles of a reentrant quadrilateral, which Professor Catoct has shown is exactly ^ in the absence of 
any limit. For if ABCD bo the four points, and ABC the greatest of the four triangles of which they may be 
regarded as the angular points, and if through A, B, C be drawn lines parallel to BC, CA, AB respectively, the 
triangle a/Sy so formed will be four times as groat as ABO, and the point D must bo somewhere within afiy* 
otherwise ABC would not be less than each of the three other triangles ABD, BCD, CAD ; and consequently, 

ABC 

since D must lie within ABC when the quadrilateral is reentrant, the probability in question is — jg— , or 

Now it is easy to see, by using the very same construction, thitt if any contour whatever bo imposed as a limit 
upon the positions of the four points, tho probability referred to will exceed ^ by a finite quantity— a result 
somewhat paradoxical, since A priori one would have supposed that the value of it for the case of no limit ^uld 
bo tho mean of the values corresponding to the respective suppositions of every possible form of limit. 


4 S 2 
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Note on the arbitrary constant which appears in one of the criteria for distinguishing the 
case of four from that of no imaginary roots^ and on the curve whose coordinates ex^ 
press the limiting relations of all the octodecimal invariants of a binary guintic^ dec* 


(85) The appearance of an arbitrary constant in a criterion is a circumstance so unex- 
ampled and remarkable that 1 have thought it desirable to give a more complete, or at 
leasi a more palpable proof of the validity of the substitution of A4*f*JD for A than 
that furnished in the foregoing text, where some indistinctness arises from the diffi- 
culty of raising up in the ^mind a clear conception of the form of the amphigenous 
surface, and the two portions of space which it separates. That difficulty is entirely 
obviated, and the theory rendered palpable to the senses by the following investigation, 
where the problem is so handled as to involve the contemplation of two dimensions only 
of space. We have in general 

D=J*~128K, A=2048L-P, 
and at the amphigenous surffice (see art. 57) 


Let 

Then 


K ^4* 6 L 1 

>1 I> A 

^=4(pj y=j5» OiF^jS’ 

-loQ + ^ 1 8 ^ + 12 (f + 2)*(y— 3) 


_ 1 , _20« _ ^ 8 ~(^> + 2)(f»-y«+2f~4) . 


and consequently 

)hj — + +3) 


6<p, or— — 


«af“ 2 * 


Xf y may be considered as the coordinates (inclined to each other at any angle) of a curve 
of the fourth order, whose form, so far as is essential to the object in view, I proceed to 
determine. It is obvious, furthermore, that this cu^e will be a section .of the amphi- 
genous surface made by the plane J=l. 

(86) This curve will be seen to consist of four branches, coming together in pairs or 
two cusps, so as to form two distinct homs(“). For when ^=oo , or — f, 2^, 8a? will 


(“)(•) Siio. 

we see at once, from Disscabtbs’b rule, that <p can never Jiave more than two real valnee to one of or con- 
sequently of X, and consequently there can only be two values of y to each of x. 

(“) When JsO, tho cusp of the left-hand horn and the two points of intersection of the dexter horn with 
tho wTi w of L coincide at the origin ; tho upper branch of the latter and the linear of the former become the 
lower and upper parts of the of D, whilst thq lower and upper branches of the same reqieotivdy become 
the left and right-hand branches of the semicubical parabola 27.2” L*=s .^D*. 
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each of them be zero. Hence there is a cusp at the point where y=l(“), and 

again at the point where 

* — i_i_ 7644 V — 26 

X — — ‘OtT* y — (1)44- ~ 


(87) When ^=0, and also when —1, x and y each become infinity ; when ^=ioo , 
X and y each become unity. 

As ^ passes from to 0, is always negative, and x always positive ; so that there 
will be one branch of the curve (CMP in Plate XXV.) extending from ar=— J to 
5 ?= +00 , for which y commences at ^=1, which cuts the axis of x when ^=3, i. e. 
x= and which, for the remaining part of its course, lies completely under the 

axis of Xy becoming infinite when x becomes indefinitely great. 

Again, as p passes from — oo to — 1, remains always positive, but ^y is negative so 
long as ^<—2 vanishes when ^=2, and ever afterwards continues positive. Thus 
there is a second branch, COQ, which starts from the cusp C, touches the axis of x at 
the origin, ever afterwards remaining positive, and increasing up to positive infinity. 

Since when ^=iipo , ||=«> » the tangent at C is parallel to the axis of y, and conse- 


quently the two branches which* start from C lie on the same side of the tangent, so 
that the cusp at this point is of the second or ramphoidal kind ; in Professor Cayley’s 
nomenclature a cusp-node, and equivalent to the union of a double point and a cusp 
of the first kind. 

There remains to account for the values of ^^n the interval between 0 and — 1. 


Throughout this interval y and x remain both of them negative, and ^ 




is always positive. 

There will thus be two branches, in each of which x and y increase simultaneously 
in the negative direction, coming to a cusp necessarily of the first kind at the point 
0 ?=— 76ff, y=— 26, one branch corresponding to the values of ^ from — | to 0, the 
other to the values of ^ from — | to —1, both of them lying completely under the axis 
of ar, and becoming respectively infinite at the extreme values of ^ (0 and —1). 


(“) Where this branch cuts the axis of y we hare 4s=0, of which the real root will be a trifle 

less fhan . 

(*7) From this it is easily soon that, whatever may be supposed to be the inclination of tho axes x, y, the 

(Us 

curve in question is rectifiable by moans of elliptic functions; for ^ will bo expressible as a rationd function of 

^ and the square root of a quartio function x»f f. The same conclusion will hold for the curve obtained by 
making J constant when J, together with any invariant of the eighth and any of tho twelfth order, are taken as 
the coordinates of the amphigenous surface. 

(**) To ascertain which' range of f gives tho superior and which tho inferior outlino of the sinister horn, 
let f—t, eii infinitesimal; then and the other value of ^ is — 1— i), where Hence the two 

values of y ooireeponding to f nearly sero and f nearly — •! respectively will be 

.nd 

Thus y^ is negative for s positive or negative, but y, is podtive in tho one cose and negative in the other, as 
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. Again, 

2y-ir+6=^;*;~((2()l’-2?*+2()>)+(((l’-<p*+24>_4))+6 

==£^*( 3 ,._ 6 ,- 4 )+ 6 =?«^=^. 

I# 

Hence when ^=—1, for which value of <p o^'and y both become infinite, 2y— a:+5=0; 
hence the straight line 2y— 6=0, represented by AN in the diagram, will be an 
asymptote to the curve (”). 

’ If now we draw the straight line 2y— ar=0, represented by OB in the figure and join 
OC, the curvilinear triangle OCM will be completely under OC, and the curvilinear 
infinite sector XOP completely under OB. 

(88) What we have to prove is, that so long as y* lies between 2 and 1, so long may 
A+jt^JD be substituted as a criterion in lieu of A, it being remembered that A only 
plays the part of a criterion when D is positive and J is not positive. Hence, since when 
J=0 A+f*JD and A coincide, wc have only to show that, so long as D is positive and 
J is negative, A+jO-JD and A will bear the same sign for all such values of J, D, L as 
constitute a facultative system, i, e. coordinates to a facultative point in space. 

Now at any facultative point G (the function of the amphigenous •surface), or say 

rather G(J, K, L)>0, or ^ G^l, consequently considering ^ as 

the coordinates of a plane curve, the line G^l, ^ being fixed) 

will separate those points for which J, K, L constitute a facultative system from those 


already seen for the dexter liom. We see also that y, becomes indeiinitply greater than y,, so that it is the 
value of f near to —1 which gives the infciior branch; and consequently the superior branch of the sinister 
horn belongs to the range from — | to 0, and the inferior to the range from — ^ to —1. 

(**) It may further be noticed that each horn so called is a true horn, being destitute of any point of contrary 
flexure, except at inflnity ; for otherwise we should have 


dry df 

dA^~dx 



d<p 

dx 


(f + l) = 


8(4p+3)“-''' 


which implies ^=0 or <pss — 1, for each of which values of ^ a? and y become infinite. It will be seen here- 
after that it is only for the value corresponding to <p—0 that there does exist at infinity a point of inflexion. 

(^) The two points where the asymptote cuts the curve wiU be found by writing 


which gives 




t 


The superior sign corresponds to a point x, y in the inferior branch of the dexter horn, and the lower sign, for 
which f — f , to the superior branch of the sinister horn. It is' easy to see that there can be no other asymptote; 
for X, y only become infinite when ^=—-1, or ^=0; so that if Aa^+fty+r is an asymptote, it must contain 
(jp 1)’, or as a factor; The flrst conditiou is only satisfied when xx — 1:2:6; and the latter cannot 

be satisfied at all. 
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in which J, K, L constitute a non-facultative one. But the curve above traced is obvi- 
ously a homographic derivative of that line 

B 1 \ 

F"“(«+4)«»y* 

Hence this latter . curve will also separate systems of values of J, D; A corresponding 
to facultative from those corresponding to non-facultative points. Moreover when J is 
negative and D positive, it has been shown (see dial figure) that the values of D (in 
facultative systems) corresponding to finite values of J are limited in magnitude ; hence, 
upon the same suppositions, facultative systems of J, D, A will correspond to the inte- 
rior and contour of the 'Curve we have been considering. 

(89) Accordingly, since D is supposed positive, our sole concern will be with the 
curvilinear triangle CMO and the infinite sector QOX, and we have to show that for all 
points not exterior to those areas A and A+f*JD have the same sign; that is to say, 

positive. 

J\ X * 

When y and x have opposite signs (as is the case in the triangle CMO), all negative 
values of |M», and when y and x have the same signs (as is the case in the sector XOQ)» 

all positive values of jO. obviously make positive. But furthermore which is 

X X 

for the line OC, is greater than —1 for all points in the triangle just named; and 
again, which is \ for OB (the parallel to the asymptote through O), will be less than J 

X 

for all points in the sector QOX. Thus, then, as regards points either in the triangle or 
in the sector, is always intermediate between — 1 and \ ; so that when y* lies between 

1 and —2, l+fA ^ will be always positive, and A and A+jM<JD will bear the same sign 0, 

so that A+jttJD may be used to replace A as a criterion. Q.E.D. 

(90) . It is apparent from the nature of the preceding demonstration that A may be 
replaced by an invariant containing not one merely, but an infinite number of aibitrary 
constants (limited), provided we are indifierent to the degree which the substitute for A 
may, assume. To this end we have only to draw any algebraical curve F(ar, ^)=0 passing 
through the origin, and with its parameter subject to such conditions of inequality as 
will ensure the mixtilinear triangle and sector COM, XOQ lying on opposite sides of 
the curve. If its degree be », the number of parameters in F left arbitrary within 

limits will be » and 8F(A, JD), where t means one of the two quantities -|-1 or — 1, 

may be used as a criterion in lieu of A. For instance, a common parabola with its axis 
coincident with that of x and passing through O will obviously serve as a screen between 
these figures ; its equation will be y*— <r=sO, and the invariant D*— JA, which is of the 
dxteenth degree in the coefficients, will serve together with J and D to fix the nature of 
the roots ; so in general we may obtain invariants of any degree of the form 4e from twelve 




for G is the resultant of ' 
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upwards. Thus M. Hbbmitb, by a method not introducing the notion of continuity, has 
found one of the twenty-fourth degree, Which he has been so obliging as to communi- 
cate to me, viz. (D|— 6AJ,)*-f-(9D — 25A*)JJ, where D,=16J,-)-25AJj,; and D is his 
discriminant, which I cannot safely attempt to express in terms of a?, y for want of 
a certain knowledge of the arithmetical relations between his A, J,, J, D, and my own 
J, K, L ; but were this transformation effected, the curve so represented must, ex neces- 
eitate^ pass clear between the triangle and sector above referred to, or else the invariant in 
question could not be a criterion. I have ascertained without difficulty that it passes 
through the origin and represents one of the principal species of Newton’s diverging 
parabolas. 

(91) The curve which we have been discussing will, on reference to PLtlCKER’s ‘ Alge- 
braischen Curven,’ p. 193, be seen to belong to his sixteenth species of curves of the 
fourth order having two double points ; but as in reality one of these is tantamount to 
the union of two, it may be considered as having three, the maximum possible number 
of such points, and consequently comes under the operation of Clebsch’s rule, given in 
the last Number of Ceelle’s Journal, and accordingly its coordinates have been seen to 
be rational functions of a single variable. The equation connecting ar, y may of course 
be obtained by means of a simple and obvious substitution operated ^upon the G of 
art. 41, or it may be found directly by writing 

£dLl— 5— JL_ yml— — . 

8 + 4 + 

whence we obtain 

( 1 ) 

2f+3?i+|=0 (2) 

Calling the two roots of equation (2), making 

and substituting the values of the symmetric functions of ^j, (p^ found from the same 
equation, we obtain without difficulty 

for the equation in question. The curve thus denoted I propose to call the Bicom. 
Its figure is given in Plate XXV., in which ?, hi are takqu at right angles, but they may 
of course be supposed to be inclined at any angle whatever. If we now assume at 
pleasure any two new axes U, V in the place of the Bicorn, the coordinates «, v will be 
always respectively proportional to two invariants of the twelfth order of the given 
quintic, whose particular forms will depend upon the positions of the two new axes so 
taken. If one of these axes, say that of % be made coincident with the axis of v will 
be proportional to JD, and u tp some other invariant of the twelfth degree. When 
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this is the case, then in general t>, as « travels from one end ortnfinity to the other, 
will sometimes have four, and sometimes two, or else sometimes two and sometimes no 
real values, as will be obvious by inspection of the figure. There is, however, one 
direction of the axis of v which will cause v in all cases to have two, and only two real 
values. This direction is that of the line joining the two cusps. At the node-cusp, for 
which ^= 00 , 5=0, ^=0; at the other cusp, for which ^=— f, >?=—¥• 

Hence the equation of the joining line is 9|— 8^=0. Now 

along this line 9L-|-JK=0 ; and consequently, if the axis of v be taken parallel to this 
line and passing through the origin, whilst u is proportional to 9L-|- JK, v will be pro- 
portional to JD ; and thus we see that for every value of 9L-t- JK, which is Heemite’s 
Ja (see foot-note (®*)(®)), D at the amphigenous surface (i. e. when G=0, and therefore 
when Hebmite’s 1=0) will always have two, and only two real values. This perfectly 
agrees with M. Hermite’s conclusion (”), and in an unexpected manner confirms the 
correctness of the concordance established, in the foot-note cited, between his J, and 
my J, K, L. Had M. Hebmite employed any duodecimal invariant whatever other 
than J,, a mere inspection of the Bicorn shows that a similar conclusion could not have 
obtained. * « 

(92) The intersections of the curve whose equation is written in the preceding article 
with infinity evidently lie in the lines ^*=0, jj— 5=0. This latter is the equation 
to a line parallel to the asymptote which touches the highest and lowest of the four 
branches of the curve, and corresponds to the value — d pf (p. Thus we see that there 
is a point of inflexion corresponding to the point at infinity at which the second and 
third branches of the Bipom may be conefeived to unite. It is easy to show that the 
Bicorn has no double tangent ; for we have seen that 

dx 2 

and consequently the values of (p corresponding to the two supposed points of contact 
maybe regarded as the two roots ^i, Pa of the equation ^*-i-2^-l-2x=0, and we shall have 

2^j+3 I 2^j + 3 / 2 _ \ 

i. —(2^,H- 3)(^5-f-^y -t-(2p,-|-3)(^J-f ^J)=(^J4-?'y-- (^i+^i)*» 

or 

4 x . (- 2 )+ 4 X-f- 3 ( 4 -. 2 X)-l- 6 (- 2 ( 4 - 4 \).f( 4 ~ 2 X))= 0 , 

or 

(— 8 -f’ 4— 6 6 — • 8 -i- 4 = 0 , 

f. e. ... 4 x-f 2 = 0 , X=i, p*+ 2 p-i-l= 0 , 

and the two values of p coincide, contrary to hypothesis. 

* . dn 

It is also easy to find its class ; for when ^ corresponds to any point in which the 

(^) Lemma 3, p. 202, Cambridge and Dublin Journal, voL ix* 

JfDCOCLZI^ 4 T 
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curve is met by a tad^ent drawn from the point whose 9 coordinates area, by we have 
but 

|=2|=-(f«+2f); 

flPIlAP 

^^^^+(f+ 29 )a+i= 0 ; 

hence 

a(p*+2ap^-\-bp^-\-l=0 ; 

and ^ having four values, four tangents (real or imaginary) can be drawn to the Bicom 
from every point in its plane. It is thus of the fourth order, fourth class, possesses a 
common cusp and a cusp^node, no double tangent, and one point of inflexion at inflinity. 
These results, accord with those given by PlAckeb (Algebraischen Curven, p. 222). 

(93) The canonical form of the equation to the Bicom is as seen 

in PLtlCEEB, p. 193, where p—0, r=0, q=z0 will obviously be the equations to the 
tangent at the node-cusp, to the tangent at the common cusp, and to the line of junction 
of the two cusps. This leads to a remarkable transformation of the invariant G of 
art. (41). Thus we may write i>=§, Sj?); and to find r, we must draw the 

tangent to the lower cusp, for which — f, which gives 

ft ^ 

3’ 16 V J* 

consequently we may write r=X.(144^— 136f+256), and then proceed to satisfy, by 
assigning suitable values to X, jt*, v, the identity 

(A(144,|-135r+256|)+^>(8,-9|)*)»+/»’K8,-9|)* 

27|>)=» . afG. 

On performing the necessary calculations it will be found that 

.1 1 1 

Hence we see that J*G may be expressed under the form (LLj-|-cJJ)*+«Ui, where L, 
is a new duodecimal invariant, and e, e are two known numbers ; in fact 

J*G=(L(18JK+135L*-J*L)+(JK+9L)*)*+64L(JK+9L>’. 

I am indebted to my friend Dr. Hirst for these references to the immortal work of 
Plucker. 

(94) The existence has been demonstrated of a linear asymptote which is a tangent 

(^*) I find, by a calculation which offers no difficulty, that the value of f at the point where this tangent cuts 
the curve will be g^ven by the equation 

-256f<~256f*-|-288f*-|-482f-H 136=0 ; 

and taking away the factor (4f +3)* which belongs to tibe cusp, there [remains f =4» wUdi corresponds to a 
point in the lower branch of the superior hom. 
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at infinity to the first and fourth branch. A cubic asymptote toudies the intermediate 
branches in the point at infinity corresponding to ^=0. For we have 

+ ^*** 

and writing v for —ti, 

Hence we may determine 

A, B, C, D so that shall . . . . , 


and I find 


A=: 


3+ 


B=-l. 




D=-?. 


Thus the cubic asymptote will have for its equation 

(^+g®+|) =3®(5+^) > 

which is a divergent cubic parabola with a conjugate point, viz, the point for which 


V= — L 

8 ^69 


O'* ^ » 

■ ^ 8 ^ 128 


(95) It is obvious from^ the preceding article, that we may expand J in terms of v by 
the descending series 


.... 

But w5 may also obtain an ascending series for | in terms of v which will exhibit the 
nature of the cuYve of the cusp-node at which point oo. Let then 

=" (.Tprj =" (2+»-<>'’+»’ . . .)• 


Hence 


=a»^(4-f-4ar— 




). 


4v^»+6^2»’-“v^ ... ), 


«•=»*( 

&0.s=^C. 


4 s / 2 u * ... )j 


4 T 2 
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from which we may Easily deduce 

in which it will be observed that the indices of the powers of v are precisely comple- 
mentary to those in the preceding expansion, the two series of indices together com- 
prising all multiples of J from positive to negative infinity. 

(96) We now see how, supposing the curve to be given with § and n at any angle, 

K li 

the axes corresponding to -5 may be defined : viz., the origin of coordinates will be at 

K 

the cusp-node ; % along which is reckoned, will be in the direction of the tangent at 

that point ; and J, along which — is reckoned, will be the axis of that common parabola 

which at the same point has the closest contact with the given curve. 

, It seems desirable, with a view to a more complete comprehension of the form of the 
amphigenous surface, i. e. the limiting surface of invariantive parameters, to ascertain 
the nature of the systems of plane sections of it, parallel to each of the three coordi- 
nate planes. The sections parallel to J, which are curves of the fourth order, have 
been already satisfactorily elucidated. It remains to consider briefly the sections parallel 
to J and D, which will be curves of the ninth order. 

(97) When L is constant, writing J=z, D=:y, where for facility of reference we may 

A® 

conceive y horizontal and z vertical, and making L=^, we have 





dz 1 4 ^ + 3 y 

tz 1 + 

y 3 {f+ 2 ){f- 



hg'~2k{f-l){(p + 2) 

when — 1 , 

II 

0 

8 

II 


p=-i. 

II 

0 

lz= 0, 


0 

II 

0 

II 

y =-12**, 


1, 




^=+00, 

z =+00, 

8 

+ 

II 




tz 

39 

?=-2, 

0 

II 

II 

8 

33 


z =:-foo, 





Hence it appears that the curve consists of three branches, two coming together at 
an ordinary cusp at the point corresponding to }, and the third completely sepa- 
rate. The nature of the sign of k does not affect the nature of the curve. If, for 
greater clearness, k be suppose pontive, the first branch, having the negative part of 
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the axis of y for its asymptote, lies entirely in the — y, —2 quadrant, and is always 
convex to the axis of y ; the second branch, joining the first at a cusp corresponding to 
^=— f, is concave to the origin, cuts the axis oiy negatively and of 2 positively, and 
goes off to infinity; the third branch, having the positive part of the axis of y for its 
asymptote, lies in the quadrant, is always convex to the axis of 2, which it 

touches at a point below that where it is cut by the second branch, and also goes off 
to infinity, lying entirely under the second branch. •A straight line, according to the 
direction in which it is drawn, may cut the curve in one, three, or five real points. 

( 98 ) When D is constant, writing J= 2 , L=ar, we have 






of 


(^— 3)f(f + 2 )* 


The form of the curve changes with the sign of D. For sections parallel to and above 
the plane of D, we may make 


D=c», 




or <p= 


3t*+1. 

T«-l » 


then the complete equation-system to the curve will be 

1’ ip* 


it being unnecessary to affect c with a double sign, since 2 and x change their signs with 
that of r. 

Also 

ix (t*+1){15t* + 1)8t iz (t“-1)(15t« + 1)8t 

X — t(t*- 1)(5t*- 1) ’ xr "" t(3t* + 1) ’ 


^—4 (5T*-lp 

dx c* (t*+ 1)(t*— •!)* 

■^~*4 




To the values of t, included between +\/i and —\/i will correspond one branch of 
the curve pacing through the origin, where it has a point of contrary flexure, and 
extending to infinity in both directions. 

When ( 6 r*— 1 ) is positive - is always positive; and wh^n r*=l, 

Jir= 0 , J*= 0 , g= 0 . 

Hence there will be a cusp of the second kind when iF= 0 , 2=±c,*the axis of 2 being 
a tangent to the curve at each cusp. One pair of branches has its cusp at the point 
a?= 0 , 2 =c, and the values of ar, 2 increase indefinitel^^n the respective branches as r 
passes from 1 to 400 and from 1 to %/{. This pair lies in the 4 ^> quadrant, and 
there will be a precisely similar and similarly situated pair in the — ar, —2 quadrant. 
Thus there will be & all one infinite J-formed branch passing through the origin, and 
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two detached pairs of infinite branches lying in opposite quadrants (^*). The value -J- for 
t‘, it will of course be seen, corresponds to —2 for and gives, as it ought to do, the 
position of the cusp. 

(99) Finally, for sections parallel to the plane of the discriminant and lying below it, 


making D=— we obtain in like manner 
^ 3—^ 


2=^ 


^—^^4(5^*+ If’ 


/'(/*+ 1) (5/* + !)°^’ 


X 


hz_ (^+ 1 )( 15 <«-- 1 ) 


(15/*- !)(<*+ If V , (15/*- !)(/*+ 1) Sa?_A* (/*-!)(/*+ 1)* 

“*4 (5/*+lf • ’ ' (57*+lf ' ’ S^r— 4 (5/*+Tf~* 


When t*=iV there will be an ordinary cusp, and when ^*=1, g::=0^. 

There will therefore be three branches, — one corresponding to the values of t between 
— \/ tV 8^^ ~^*>/ other two to values of t between these limits and — and -f- 
infinity respectively. The middle branch passes through the origin, where it under- 
goes an inflexion, and comes to a cusp at a fifiite distance from the origin in two 
opposite quadrants. The connected branch at each cusp crosses the axis of x, sweeps 
convexly towards the axis of 2 , arrives at a minimum distance from it, and then goes olf 
to infinity. 

- The value for f corresponds to — } for and gives, as it ought to do, the cusp- 
node. In fact the values ^=— f, (p=— 2 correspond respectively to a cuspidal and to 
a cusp-nodal line in the limiting surface whose sections we have been considering. 

When the cutting plane is that of D itself, the section becomes a double cubic para- 
bola and a single cubical parabola crossing each other at the origin. 


(^) Let f be an inWtcsiiiial, and then 

:_4(4+^)* 32 

^‘'“c»(2+«y ^ c* ' 

Hence at either cusp the branch the further removed from the axis of x corresponds to the values of fl* be- 
twedb 1 and oe, and the inferior branch to its values between 1 and so that the onder of continaity of the 
five branches of the curve may be read as follows : — ^trom the infinite point in the higher bc^oh of the upper 
pair to its cusp ; thenee to the infinite point in the coimccted branch, which is conti^ous to the infinite point 
in the opposite extremity of the middle branch ; thence along this branch to its contrary infinite extremity ; 
thence to the infinite point in the upper branch of the inferior pair ; abng that branch to its cui^; and thence, 
finally, along the lower branch to infinity. 
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Description op the Plates. 

PLATE XXIV. 

/ 

The (fi, f]) equation is (1, 6, e’, IJar, y)*=0, of which two roots are always imagi- 
nary; its extreme criteria are 0, 0; its middle criteria 

1, (r=(s*— ^). 

Points (|), (f) above the discriminatrix indicate 2 pairs of associated roots in the (f, fj) 
equation. 

Points (jp, <r) on the discriminatrix indicate 2 equal roots in the (s, tj) equation. 

Points (p, <r) under the discriminatrix indicate 3 solitary roots in the (s, tj) equation. 
Points (jpf <r) above the equatrix indicate g, tj real and unequal. 

Points (p, <r) on the equatrix indicate g, fj equal. 

Points (jp, <r) under the equatrix indicate g, ti imaginary and conjugate. 

Points (p, <r) above the loop of the indicatrix indicate middle criteria not doth positive. 
Points (p, a) on the loop of the indicatrix indicate middle criteria of opposite signs. 
Points {p^ ff) under the loop of the indicatrix indicate middle criteria not dot/i negative. 
The discriminatrix is a closed curve, the whole of which is figured on the Plate, and 
is shaped somewhat like a harp : it has a cusp of the fourth order at the origin. 

The equatrix consists of two branches coming together at a cusp at the distance 1 
from the origin ; the upper branch touches the horizontal axis at the origin ; the lower 
branch, after touching the discriminant at a single point, sweeps out from and round itj 
cutting the vertical axis at the distance 4 below the origin. Both branches go off to 
infinity to the right, and lie completely under the horizontal axis. Where the lower 
branch touches the discriminatrix, the discriminant of the (g, n) equation passes through 
zero without changing its sign. * 

The indicatrix consists of a single branch extending indefinitely in both directions. 
It passes from infinity below and to the left until, at the distance 1 from the origin^ it 
touches the axim which at the origin it crosses at an angle of 45*’, after which it goes off 
to infinity in the positive direction. Its loop extends from^=0 to^==— 1. The two 
portions of it figured in the Plate join on together, coming to a maximum at a great 
distance below the horizontal axis. The narrow tract marked “ Region of Real para- 
meters ” is that portion of the harp-shaped space for which alone, g, >7 being real, the 
(g, ff) equation can have more than one real root. The areas of each of, the three regions 
into which the discriminatrix is divided by the equatrix and indicatrix may readily be 
expressed numerically in terms of algebraic and inverse circular functions only. 

I am indebted to Gentleman Cadet S. L. Jacob, of tHI Royal Military Academy, for 
the tracing of the curves of which the above Plate is a somewhat imperfect reproduction. 

m 

PLATE XXV. 

Described in text, p. 658. 
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XVIII. On a New Series of Bodies in which Nitrogen is substituted for Hydrogen, 
By Peter Griess, Esg. Communicated by A. W. Hofmann. 

Received Juno 2, — Read Juno 16, 1864. 


In some former papers* I have had occasion to describe a peculiar class of nitrogen- 
compounds, obtained by the action of nitrous acid upon amido-compounds, by the 
exchange of some of%he hydrogen of the latter for the nitrogen of the nitrous acid. 
This substitution may be effected in two different ways ; accordingly every amido-com- 
pound may give rise to two distinctly different series of bodies. By viewing the amido- 
compounds as constructed according t 9 .the general formula Hy.g (N Hg)" the 
conges may be expressed as follows : — 

I. ■2[C. H,../N H J' OJ+NH 0^=G^ H 3 )" (NJ'G ^.+2 H, 0. 

II. e, (N Hj)" O. +NH G3=G.H„.„(N3)0'' .+2H, G. 

In the fiist equation one atom of nitrogen is substituted for three atoms of hydrogen con- 
tained in two atoms of the amido-compound, but in the second the substitution affects 
only one atom of the latter. I have hitherto directed my attention more particularly to 
the members of the first group, whether derived from amido-acids (such as diazo-amido- 
benzoic acid), or whether corresponding to amido-bases (diazo-amidobenzol). The bodies 
which I now shall have to describe in this commimication are derived according to the 
second of the above general equations, and I have restricted myself almost entirely to 
the study of those which' can thus be obtained from aniline and slfe|ilar bases. 

With regard to the chemical nature of these bodies, I may mention generally that 
they are capable of combining with acids and bases, but that their basic character 
preponderates. They are remarkable for the great variety of compounds which they 

• Ann. der Chem. und Pharm. Bd. cxiii. p. 201 ; Bd. cxvii. p. 1^ Bd. exxi. p. 267; Supplement 1. 1861, 
p. 100. Proceedings of the Royal Society, vol. is. p. 594 ; vol. x. p. 309. 

t Chemists are not agroed upon the rational constitution of amidO'Compounds. They are frequently referred 
to the ammonia>type, and almost as frequently to the same type to which the nitro-compounds from which they 
are derived belong. In the latter case the group is considered as replacing one atom, or NH^ as taking 
the place of twojatoms of hydrogen. Aniline can thus he written in three different ways, and expressed by the 
three formulm, 

V / V ^ ; N ^ 

Fhenylamine; Amidobenzol. Ammomabcnzol. 

The two latter fonnul« appear to me to be capable of explaining in the most natural manner the formation of 
bodies in which nitrogen is substitated ta hydrogen. « 

HBCCOLZiy. 4 TJ 
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produce, such as i%not met with in any other portion of the field of organic chemisffy. 
When in the free state they are remarkable for their instability ; their compounds, how- 
ever, are somewhat more stable ; and it is for that reason that the latter have chiefly 
engaged my attention, and have been employed in the experiments to be described here- 
after. The very striking physical properties of these bodies, as well as the large num- 
ber of products of decomposition to which they give rise, likewise deserve to be specially 

• • 

noticed. Altogether they may be looked upon as one of the most interesting groups of 
organic compounds. 1 have avoided, as much as possible, discussing their rational com- 
position, and have abstained from theoretical speculation. I have, however, come to the 
conclusion that the two atoms (or the molecule) of nitrogen, N2, they contain must be 
considered as equivalent to two atoms of^ hydrogen, and it is i^ accordance with this 
view that the names of the new compounds have been framed. 

PART I.— COMPOUNDS OF DIAZOBENZOL. 

Nitrate of Diahenzoli Gg H4 Ng, NHO3. 

This substance can be prepared in various ways; most readily, however, by acting 
with nitrous acid upon a solution of nitrate of aniline. This salt of aniline is not very 
soluble in cold water ; therefore, in order to obtain a concentrated solution of the new 
compound, it is best to make a thick paste by grinding up a portion of the nitrate with 
water and submitting it to the action of the gas, when the undissolved portion of the 
aniline-salt rapidly disappears, and the whole is converted into the new body. The 
reaction being accompanied by considerable increase of temperature, it is necessary to 
keep the solution cool, and to guard against passing a too-rapid current of the gas. The 
temperature of the solution should not rise much above 30 ° C. The operation is inters 
rupted as soon as the whole of the aniline has disappeared. This can be ascertained by 
adding a little strong solution of potassa to a portion of the liquid on a watch-glass, when, 
if no more aniline is liberated, it may safely be infe|red that the reaction is complete. 
The nitrate of diazobenzol is almost insoluble in ether, and even in ether mixed with much 
dilute alcohol, in consequence of which it may readily be obtained in a crystalline state 
thus : — the solution is first filtered, to remove traces of a brown resin, then mixed with 
about three times its volume of strong alcohol, and ether added until the precipitation is 
complete. The crystals are allowed to subside, and then filtered from the mother-liquor. 
The small quantity of the new body which remains in the mother-liquor may be neglected 
altogether, as its recovery is accompanied with great difficulty. To remove the last 
traces of colouring matter, the crystals are laken up with cold dilute alcolipl and repre- 
cipitated by the addition of ether, when they are obtained as long white needles. 

Analysis, as will be shown further,' proves that the new compound has the formula 
Gg H4 Ng, NHOj. Its formation may be explained by the following equation 

GgH,N, NHOa -h NHOj, = G6H4N2,NHO, + 

Nitrate of aniline. Nitrous add. Nitrate of oiasobensol. Water. 
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'iinother method of preparing nitrate of diazobenzol is based upon the action of nitrous 
acid upon diazo-amidobenzol, a body described in a previous communication to the Boyal 
Society. On dissolving this latter compound in cold ether, and passing a current of 
nitrous acid gas through the solution, long acicular crystals of the new substance soon 
appear. The action should be continued as long as crystals form. The compound so 
obtained is collected on a filter and washed with ether. The reaction is expressed by 
the following equation : — 

N3+NH02+2NH03=2(C6 H4 NH03)+2H2 0. 

^ / V j 

Diazo-amidobenzol. Nitrate of mzobenzol. 

However elegant and simple this method of preparation of the nitrate of diazobenzol 
may appear, it will sedteely ever be employed, since it involves the previous preparation 
of diazo-amidobenzol, a body which it is rather troublesome to obtain in large quantities. 
Nitrate of diazobenzol can also be procured by the direct action of nitrous acid upon a 
misAure of aniline with about four times its volume of alcohol. The gas is passed into 
thp alcoholic solution till, on the addition of ether to a small portion of it, a copious 
precipitation of white acicular crystals is produced. When this point is reached, the 
whole of the reddish-brown solution is mixed with ether, and the precipitate purified as 
already described. 

This method of preparing the nitrate, however, is not suitable when large quan- 
tities have to be prepared. It is similar in principle to the preparation by means of 
diazo-amidobenzol, since to all appearance the aniline is first converted into this com- 
pound. 

The methods just described, although simple, will only give favourable results when 
strict attention is paid to the directions given above; for it happens sometimes, and 
espedally when the temperature of the solution is allowed to rise too high, that a copious 
evolution of nitrogen gas ensues, which cannot be stopped by any means before the whole 
of the substance has been destroyed. 

By employing the first of the above processes, it is sometimes found that, on the addi- 
tion of ether to the weak alcoholic solution of the crude compound, no crystals separate, 
but that an aqueous layer is deposited at the bottom of the vessel. This, however, only 
happens when an insufficient amount of alcohol has been mriginally added to the solu- 
tion, because in this case the ether^ not being able to . mix with the liquor, causes no 
separation of crystals to take place. If this occurs, it is best to remove the ethereal 
liquor, and to dilute the residuary %queous solution with strong alcohol) when, on the 
addition of ether, crystallization invariably ensues. 

The nitrate of diazobenzol, by whatever method it may have been prepared, crystals 
lizes in long white needles, which have been obtained several inches in length and are 
very soluble in water, less so in alcohol, and almost insoluble in ether and benzol. They 
call be dried over sulphuric acid without undergoing any change. Heated even below 
100® C., they explode with unparalleled violence^ far surpassing that of fulminating mer^ 

4 u 2 
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cory or iodide of nitrogen. About a gramme of this substance causes by its explosn!^ 
a concussion like that produced by firing a pistol. 

The destructiye action of such an explosion is likewise extreme. Iron slabs of several 
lines in thickness were found smashed to atoms when a somewhat larger quantity was 
exploded upon them. Friction, pressure, and concussion also cause it to explode. The 
smallest particles of this substance, accidentally dropped upon the fioor of a room, when 
trodden upon when dry, gave rise to a series of explosions attended with flashes of light. 
The properties of the nitrate of diazobenzol render it absolutely necessary that the 
greatest precaution should be observed when manipulating it. The portion of the sub- 
stance required for analysis having been well washed with ether ♦, was placed in a pla- 
tinum crucible and dried over sulphuric acid. Concussion or pressure had to be care- 
fully avoided, especially with the dry substance, on account of its great explosiveness. 

For the above*mentioncd reasons 1 abstained from analyzing this compound in the 
usual manner, especially as* I had opportunities of ascertaining the composition of 
analogous but less dangerous compounds by the ordinary analytical method. I hhve, 
however, been enabled to arrive at a knowledge of the composition of nitrate of diazo- 
benzol by the very interesting change which an aqueous solution undergoes by the action 
of heat. By ebullition the compound is transformed under the influence of the water 
into carbolic acid, nitrogen, and nitric acid ; and by estimating the quantities of the two 

latter products I have arrived at the true composition of the explosive substance. 

• 

Gs H N^, NHO,+Hj G=C6 Hj G+NHO^+Nj. 

V ^ / V ^ ^ 

Mtrato of mazobenzol. Carbolic add. 

The method employed for the determination of the quantity of nitrogen evolved by 
the ebullition of the aqueous solution of the explosive compound is as follows : — ^The 
solution was introduced into a flask and a stream of cprbonic acid gas passed through it. 
When the air was expelled, the delivery-tube was placed under a graduated cylinder 
containing solution of potassa, and the contents of the flask heated to ebullitionf. 

* Wben it is intended to recover the other employed in the preparation of nitrate of diazobenzol, it is 
advisable, in order to avoid explosions, to shake the ethereal mother-liquor first with a little water, so as to 
dissolve any traces of the diazo-compound suspended in it. I have had a most dangerous explosion by neglecting 
tbiB Bun|de precaution. A large quantity of other, which had been employed for the predpitation of the new 
compound from its alcoholic solution, had accumulated. Froifi this liquid a few crystals had been observed 
to have separated. Their number seemed, hswover, to bo so small, that it was deemed unnecessary to remove 
them fiom the vessel containing the ethereal liquid for distillation. As soon as the vessel became warm in the 
water-bath, and before the boiling-point of the ether had been rdiched, a fearful explosion took place, shattering . 
the whole of the apparatus to pieces and setting fire to the ether, the flame of which spread most 

alarmingly through the laboratory. The gas-flames, which were burning at the time in the room, were suddenly 
extinguished by the violent pressure upon the atmosphere, and all those working in the lahwatory (who 
fortunately escaped unhurt) were for a moment deprived of their breath. The explosive properties of the 
nitrate of diazobonzol may perhaps at a future period find practical application. 

t In aU analyses mentioned herein the analyzed substances are understood to be deuooated by solphurio iMdd 
previously, unless the contrary is distinctly stated. 



WHICH NITEOGEN IS SUBSTITUTED FOR HYDROGEN. 671 

I. 0*606 grm. of the compound) treated as above, gave 80*4 cub. centims. of nitrogen 
at 0 ®, and 760 millims. bar. pressure = 0*101 grm. of nitrogen, or 16*70 per cent. 

Theory. Experiment. 

N=16*77 16*70 

II. *492 grm. of substance, dissolv^ in water and boiled, required for neutralization 
29*6 cub. centims. of alkali solution, corresponding to 0*186 grm. of nitric acid, or 37*77 
per cent. 

Calculated. Found. 

A 

O 6 H 4 N 2 190 62*27 

NHO 3 _63 37*73 37*77 

263 io^OO 


Sulphate of Diazohenzol, Cg H4 Ng, SHg O4 . 

Acid sulphate of aniline, when' treated with nitrous acid, is converted into sulphate of 
diazobenzol according to the equation 


=G.H.N,. 


•GjHjN, SHjO.+NHGjrzGjHjNj, SHj 04 + 2 Hj 0 . 


Acid sulphate 
of aniline. 


Sulphate of diazobcnzol. 


On account of the slight solubility of sulphate of aniline, and in order to avoid 
employing a large quantity of liquid, it becomes necessary to suspend the salt in water, 
and to expose it* in this state to the action of nitrous acid. The reaction, however, is 
very slow, and the salt is only gradually converted into the diazo-compound? I found 
it therefore more convenient to prepare the sulphate from the nitrate of diazobenzol, 
by Ideating a concentrated aqueous solution *!• of the latter with a sufficient quantity of 
sulphuric acid, previously diluted to avoid rise of temperature upon addition. 

The solution thus obtained is then mixed with three times its volume of absolute 
alcohol, and lastly with a sufficient amount of ether, which causes the sulphate of 
diazobenzol, together with some water, to separate in a layer at the bottom of the vessel, 
the liberated nitric acid, together with the excess of sulphunc acid, remaining mixed with 
the supernatant alcohol and ether. This latter is decanted, and the solution of the sul- 
phate (with a view to the removal.of a further quantity of water) is once more treated 
with absolute alcohol and reprecipitated by means||pf ether. The precipitated liquid is 
then placed in flat dishes over sulphuric acid, when it soon solidifies to a magma of 
white crystals. In order to purify Ihese crystals completely, they are washed on a filter 
with a mixture of alcohol and ether, which removes any trace of sulphuric and carbolic 
adds which may have been produced by a partial decomposition of the sulphate of 
diazobenzol, then dissolved in weak cold alcohol, and precipitated by the addition of 

* Qrdmary sulphate of aniline containing excess of free sulphuric acid is understood by this formula, 
f The (amde solution obtained by the action of nitrous add upon nitrate of aniline may be em^oyed* 
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ether. The crystals are separated without delay from the mother-liquor and dried over 
sulphuric acid. 

0*4848 grm. of substance gave 0*6278 grm. of carbonic acid gas and 0*1397 grm. of 
water, corresponding to 35*32 per cent, of carbon and 3*20 per cent, of hydrogen. 

0*4185 grm. gave, on boiling with water, 44*7 <Jhb. centims. of nitrogen at 14° C. and 
763 millims. bar. pressure =44*9 cub. centims., at 0° and 760 millims. bar. pressure 
=0*05642 grm., or 13*49 per cent. 


Calculated. 

Found. 




Cj 72 

35*65 

35*32 

H« 6 

2*97 

3*20 

Nj 28 

13*86 

13*49 

S 32 

15*83 


O 4 64 

31*69 


202 

100*00 



For the estimation of the sulphuric acid 0*558 grm. of substance, precipitated by 
chloride of barium, gave 0*647 grm. of sulphate of barium, corresponding to 48*76 per 
cent, of sulphuric acid. 


Calculated. 


Found. 

104 

51*49 


S O 4 98 

48*51 

48-76 

202 

100*00 



Sulphate of diazobenzol crystallizes in prisms, which readily dissolve in water, but are 
soluble with difficulty in absolute alcohol and insoluble in ether. The aqueous as well 
as the alcoholic solution is decomposed on boiling with evolution bf gas. Exposed to 
the air, this compound attracts moisture very rapidly and becomes liquid, and gradually 
decomposes. Heated alone, it deflagrates feebly at about 100° C. 

Hydrohromate of JHazobenzol^ €g H 4 Ng, HBr. 

This compound is prepared by the action of bromine upon diazo-amidobenzoL 
When an ethereal solution of bromine is gradually added to a rather concentrated solu- 
tion of the diazo-amido-compound, each drop of the bromine-solution is seen to produce 
a precipitation of the hydrohromate diazobenzol. When no more crystals are formed 
the precipitate is separated from the mother-liquor|pWashed with ether till quite white, 
and then dried over sulphuric acid. All these operations must be performed as speedUy 
as possible, since the new compound is of a very unstable nature and rapidly decom- 
poses. j * 

Should it be found necessary to recrystallize the precipitate, it must be dissolved in 
the least possible quantity of cold alcohol, and ether added to the solution till no more 
precipitation takes place. 
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0*3026 grm. of the substance gave, on precipitation with nitrate of silver, 0*304 grm. 
of bromide of silver, corresponding to 43*3 per cent, of hydrobromic acid. 


Calculated. 
A L_ 


Found. 

€3114 Ng 104, 

66*22 

« 

HBr 81 

43*78 

43*30 

185 

100*00 



Hydrobromate. of diazobenzol crystallizes in white nacreous scales, which, like the 
compound previously described, are readily soluble in water,’ less so in alcohol, and inso- 
luble in ether. The solution of this compound is distinguished by a strong acid reac- 
tion. Heat, friction, and pressure cause the crystals of the hydrobromate to explode 
with the same violence as the nitrate of diazobenzol. Even when in a perfectly dry 
state this compound can only be kept for a short time without undergoing decomposition 
(which is accompanied by the production of a peculiar aromatic odour), the decomposition 
being complete in a*few days. It is formed according to the equation 

Gi 2 N 3 + 6 Br=G 6 II 4 Ng, HBr+Gg H 4 Bra N+2HBr. 

**V~~ ^ ^ ,y, ^ V — ^ 

Diazo-amido- Hydrobromate of Tribromanilino. 

benzol. diazobenzol. 

Tribromaniline remains in the ethereal mother-liquor, from which it crystallizes on 
evaporation. 

It is most likely that, by the action of chlorine upon diazo-amidobenzol, hydrochlorate 
of diazobenzol may be obtained. An aqueous solution of this latter compound, how- 
ever, may also be prepared by treating a solution of the hydrobromate with moist chloride 
of silver. 

Perhromide of Diazobenzol, Cg H 4 Ng, HBr, Brg. 

On adding a small quantity of Ibromine-water to an aqueous solution of the nitrate of 
diazobcnzol, a white crystalline precipitate of tribromophenylic acid is usually obtained, 
owing to the presence of a small quantity of phenylic acid formed by the spontaneous 
decomposition of the nitrate by water. On removing the tribromophenylic acid as 
quickly as possible by filtration, and on the addition of a large excess of bromine-water • 
containing free hydrobromic acid to the filtrate, the n^lw bromine-compound separates 
as a brownish-red oil, which solidifies to a crystalline mass soon after the supernatant 
liquor has been removed. The crystals are obtained pure for analysis by washing with 
a little ether. 

I, 0*7164 grm. gave 0*6604 grm. GOg, corresponding to 20*98 per cent, of carbon and 

1*60 of hydrogen. * 

II. 0*4806 grm. of this substance, digested with excess of aqueous ammonia ♦, gave, on 
expulinon of the excess of ammonia and precipitation with nitrate of silver, 0*8006 grm. 
of bromide of silver, corresponding to 70*68 bromine per cent. 

The transformation which this sabstanoe thus undergoes, and which renders it possible to determine the 
bromine ki tiii» maimer, will be fhlly e^qdained fhrther on. 
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Calculated. 

K - - - 

Found. 


72 

20*87 

20*98 

H. 

5 

1*45 

1*60 

N, 

28 

8*12 


Brj 

240 

69*66 

70-89 


346 

10000 



Ferbromlde of diazobenzol, which crystallizes in yellow plates, is insoluble in water, 
rather difficultly soluble in alcohol, and insoluble in ether. It is, comparatively stable 
when in a dry state. Its alcoholic solution, on the other hand, rapidly decomposes, 
even in the cold, with evolution of gas. For this reason it is impossible to recrystallize 
it without loss. Ill order to purify this unstable perbromide, it is most advantageous 
to dissolve it in cold alcohol, and to allow the solvent to evaporate spontaneously in 
shallow vessels in the open air. Very fine crystals are usually obtained in this manner, 
but contaminated with trifling quantities of an oily product of dj^composition, which, 
however, may be removed by washing with a little cold ether. On application of heat 
this compound deflagrates vt a comparatively low temperature. The constitution of 
the perbromide of diazobenzol seems the same as the periodide of tetrethylammonium 
and similar compounds of other bases. 

Platinumrsalt of Hydrochlorate of HiazohenzoU ^ 2 » 

is obtained by the addition of bichloride of platinum to a rather concentrated aqueous 
solution of the nitrate of diazobenzol. 'The fine yellow prisms which are precipitated 
are almost insoluble in alcohol and ether. They are rather stable ; when kept for 
some time, however, they acquire a brownish colour, and are gradually but completely 
decomposed. On heating they deflagrate, hence it is impossible to estimate the platinum 
by simple ignition. 

0*760 grm., ignited with carbonate of sodium, gave 0*241 grm. of platinum, corre- 
sponding to 31*71 per cent. 

€6H4N2,HC1, PtClg. 

» ' Theory. Experiment. 

Pt=31*82 31*71 

Qoldrsdlt of Hydrochlorate of Hiazohenzol^ CgH 4 N 2 , HCl, AUCI 3 . 

By the addition of terchloride of gold to a dilute aqueous solution of the nitrate of 
diazobenzol, this compound is obtained in the form of a light-yeUow crystalline precipi- 
tate, insoluble in water, but soluble in alcohol, especially when warm, from which, 
on cooling, it is deposited in the form of sms^ golden-yellow plates. This salt cannot, 
however, be recrystallized without some loss, especisdly when the alcoholic solution 
is heated to boiling. The decomposition is indicated invariably by an evolution of 
gas ; continued boiling with alcohol destroys it completely. 0*6966 grm. of this salt 
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gave, on precipitation with sulphuretted hydrogen and ignition of the tersulphide of 
gold, 0*309 grm. of gold, corresponding to 44*36 per cent, of that metal. 

G|iH4N2,Ha,Aua3. 

Theory. Experimcnl. 

Gold .... 44*37 • 44*36 


It is well known that when bromine, chlorine, or hyponitric acid is substituted in 
organic compounds for certain hydrogen atoms, the product formed is distinguished from 
the original compound, if the latter be an acid, by stronger acid properties, or if a base, 
by less pronounced basic characters ; and also that the contrary is observed in the case 
of substitution of potassium, NH 2 , &c. for the same hydrogen atoms. 

Nitrogen, however, exhibits in this respect a peculiar double nature, since it is found 
only slightly (or not at all) to affect the basic properties of a compound, whilst at the 
same time it exerts so decided an acidulating action as to impart to strong bases an acid 
nature. I have already clearly shown that diazobenzol has all the characters of an 
organic base, capable, like aniline, of forming with acids saline compounds. It possesses, 
at the same time, the property of combining with metallic hydrates, playing, to a certain 
extent, the part of an acid. These metallic derivatives are, as a rule, distinguished by 
the same instability as the compounds of diazobenzol with acids. They are less affected, 
however, by heat. Their aqueous or alcoholic solutions can be heated to boiling for 
some time without suffering complete decomposition. Heated alone they explode, 
although at a much higher ^temperature, and not with so great violence as the bodies 
previously described. The compounds which are soluble in water are mostly well 
crystallized, whilst the insoluble ones, such as those formed with silver and lead, are 
obtained as amorphous precipitates. 

Comj^ound of Hydrate of Potassium with IHazohenzol^ C 5 H 4 Ng, KHO. 

By introducing a very concentrated solution of nitrate of diazobenzol into an excess 
of an equally concentrated solution of caustic potash, drop by drop, a yellowish liquid 
is obtained possessing a peculiar aromatic odour, and solidifying, by evaporation in the 
water-bath, to a crystalline mass. This is a mixture of the compound of hydrate of 
potassium with diazobenzol and nitre, together with a brownish-red amorphous body — 
the result of a secondary reaction, which a portion of file original substance undergoes, 
and which is always indicated by the evolution of gas. In order to separate these bodies 
it is necessary to remove the excess»of caustic potash. This is best done by putting the 
crystalline mass into a strong linen cloth and squeezing it powerfully between porous 
stones. The dry cake is then treated with absolute alcohol, which readily dissolves the 
compound of hydrate of potassium with diazobenzol, leaving the nitrate of potassium 
insoluble; it is then separated by filtration. The alcoholic filtrate (which, on account 
JfDCOCLZlY. 4z 
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of the above-mentioned secondary product of decomposition, possesses an intense reddish- 
brown colour) is then evaporated on the water-bath. The residue is once more pressed 
and washed with a mixture of alcohol and ether to remove the reddish-brown substance, 
when the Compound ii obtained nearly white. By again pressing and dissolving the 
dry cake in a small quantity of absolute alcohol, filtering, and adding a sufficient amount 
of ether, the substance is obtained in white plates, which must be dried at once over 
sulphuric acid. 

0*736 grm, gave 0*3992 grin, of sulphate of potassium, corresponding to 36*00 per 
cent, of KHO. 


Calculated. 

^ _ 


Pound. 

Cg H4 N, 104 

64*92’ 


KHO 66*2 

36*08 

35*00 

m‘2 

100*00 



The compound of hydrate of potassium with diazobenzol crystallizes in small, white, 
soft plates, which become reddish by exposure to the air ; they are very readily soluble 
in water and alcohol, but insoluble in ether. The solution has a strong alkaline 
reaction. A freshly prepared aqueous solution is but slightly coloured ; but by keeping 
for a short time it rapidly acquires a yellow colour, and ultimately a reddish-yellow 
substance is precipitated. Ebullition does not seem to accelerate this decomposition 
materially. The dry substance is very stable, and can be kept a long time unchanged. 
Heated alone it explodes at a little above ISO**; the explosion is accompanied by a 
slight report. 

Compound of Hydrate of Silver with Hiazohenzol, Gg H 4 Ng, Ag HO*. 

This is obtained as a white or slightly chocolate-coloured precipitate, by treating a 
freshly prepared solution of the previous compound with a solution of nitrate of silver. 
After removing the mother-liquor, the precipitate is thoroughly washed with water, 
dried "by pressing between filter-paper, and finally over sulphuric acid. 

0*6830 grm. gave 0*6772 grm. of CG and 0*126 grm. of water, corresponding to 31*68 
per cent, of carbon and 2*40 per cent, of hydrogen. 

0*9646 grm. gave 0*5955 grm. of chloride of silver, corresponding to 46*46 per cent, 
of silver. 

* It deserves notice that diazo-amidcjj^enzol and the analogous double compounds likewise combine with bases. 
'When speaking of these bodies (Ann. der Chem. \md Pharm. Bd. exxi, p. 362) I have pointed out that they aU 
possess the property (rf forming insoluble predpitatos with nitrate of silver. Without examining these pre- 
cipitates more closely, I then came to the conclusion that (judgulg ih>m the manner in which they were ob- 
tained, and taking a few silver-detetminatious ’into consideration), they were simply combinations of the re- 
spective diazo-amido-compound with nitrate of . diver. This view has proved erroneous ; for, on closer exami- 
nation, it was found that these bodies contain no nitric add, but must bo regarded as combinations of silver 
with diazo-amido-compounds, viz. N,, Ag. I intend subsequently to refer to this subject. 
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Theory. 


Experiment. 

r 

Go 

72 

31*44 

31*68 

H5 

6 

2*19 

2*40 

N2 

28 

12*23 

• 

Ag 

108 

47*16 

46*46 

0 

16 

6*98 



229 

100*00 



The compound of hydrate of silver with diazobenzol is insoluble in all the ordinary 
neutral solvents. Nitric acid even wheu cold dissolves it with great facility. It is 
distinguished by great stability ; for even after having been kept for weeks, not the least 
sign of decomposition could be discovered. Exposed to a higher temperature it explodes 
with some violence. Since the constitution of the two compounds just described affords 
sufficiently fixed data for establishing the composition of other combinations of metallic 
hydrates with diazobenzol, I have not thought it necessary to extend my analyses to the 
other salts. 

Their preparation and constitution, moreover, present no important characteiistics, 
and I will therefore describe them very briefly. 

ConipouTid of Hydrate of Barium with Diazohmzol 

is obtained when a solution of a very soluble barium-salt is added to a rather concen- 
trated solution of the potassium-compound. It is precipitated in the form of white, 
microscopic, indistinct needles or plates, which become yellowish in consequence of a 
gradual decomposition. It is difficultly soluble in water. 

The compound of diazobenzol with hydrate of zinc is a white amorphous powder 
insoluble in water. The compound with hydrate of lead is also a white powder, but 
acquiring rapidly a yellow colour. With sulphate of copper a brown precipitate changing 
to green is obtained. Mercurial chloride gives no precipitate. 

Biazobenzol, Gg H4 Ng . 

This remarkable substance is obtained when an aqueoift solution of the compound of 
hydrate of potassium with diazobenzol is treated with a sufficient quantity of acetic acid. 
A thick yellow oil is liberated, which possesses a peculiar odour, and is remarkable for 
its extraordina^ instability. Its existence is very ephemeral, and after a short time 
nitrogen gas begins to be evolved, and the oil is rapi jy converted into a brownish-red 
substance. The heat which is produced when larger quantities of the oil undergo this 
spontaneous decomposition is sufficient to give rise to dangerous explosions. 

The addition of ether to the oil dissolves it instantaneously, producing a red solution, 
a tumultuous evolution of gas taking place. It combines with nitric and sulphuric acids, 
and with hydrate of potassa, terchloride of gold, &c., forming the compounds previously 
described. 


4x2 
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COMPOUNDS OF DIAZOBENZOL WITH ORGANIC BASES. 


Diazo-amidobenzol, as is well known, is formed by the action of nitrous acid upon an 
alcoholic sokition of an^ine, according to the equation 

.2G6 kj N+NH02=Gi2 N 3 + 2 H 2 G. 


Aniline. 


Diazo-amidobenzol. 


By viewing this body as a double compound of diazobenzol and aniline, 


C„H„N3={ 


Ga h, n 


I was led to prepare if by the direct action of aniline upon compounds of diazobenzol. 
This reaction proceeds readily on mixing an aqueous solution of nitrate of diazobcnzol 
with aniline, when a viscid yellow mass is speedily produced, which becomes crystal- 
line after a short time, and which can be obtained in a perfectly pure state by several 
recrystallizations ♦ from alcohol. The formation of the diazo-amidobenzol may be ex- 
pressed as follows : — 


G, H4 N2, NH03-f-2G« H, N=Gi2 Jin H7 N, NHO3. 

V ^ / V / V ^ / V ^ / 


Nitrate of diazobcnzol. Aniline. Diazo-amidobenzol. Nitrate of aniline. 


On referring to the equation given on page 669 for the formation of nitrate of diazo- 
benzol from diazo-amidobenzol, 

Gi2 lln N3+NH02+2NH03=2(G6 H4 N2, NH03)-|-2H2 G, 
it is seen that these two bodies may be readily transformed into one another. 

Many other bases deport themselves with nitrate of diazobenzol exactly like aniline, 
and we may therefore look forward to the discovery of a large number of double com- 
pounds analogous to diazo-amidobenzol. 

It is not my intention to give a full history of these compounds, as a few short state- 
ments will show clearly how closely they are allied to their prototype diazo-itmidobenzol. 


{ CUN ) 

n^TT^TJ^XTf 


This compound is obtained by the action of bromaniline upon nitrate of diazo- 
benzol. It crystallizes in very fine small yellow plates or needles, which are rather diffi- 
cultly soluble in alcohol, but retdily soluble in ether. Its platinum-salt. 


. Gi2JIjoBrN3,H2a2,2PtCl2» 

is obtained as a buff-coloured precipitate consisting of fine hair-like crystals. Nitrate of 
silver produces, in an alcoholic solution, a yellow precipitate similar to that of the com- 
pound previously described. 


* Any excess of aniline must be removed by means of acetic asid before crystallization. 
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In the formation of the above bodies two atoms of base enter into chemical action 
with one atom of nitrate of diazobenzol, forming, together with the diazo-amido>com- 
pound, the nitrate of the base employed. Naphtalidine (amidonaphtol), however, com- 
bines directly in equal numbers of atoms with nitrate of diazobenzol, giving rise to a 
compound which has the formula 

^16 ^14 ^4 ^ 3 > 

and which, as will be shown, must be viewed as nitrate of diazobenzol-amidonaphtol. 
This compound is obtained in an impure state as a violet crystalline precipitate on 
adding an aqueous solution of nitrate of diazobenzol to an alcoholic solution of naphta- 
lidine. It is purified by repeated washings with cold alcohol and recrystallization from 
the same, forming beautiful green prisms. 

0*2303 grm. gave 0*6235 grm. of carbonic acid and 0*0976 grm. of water, correspond- 
ing to 61*99 per cent, of carbon and 4*70 per cent, of hydrogen. 

These numbers lead to the formula 





Calculated. 

A. _ 


Found. 

®16 

192 

61*94 

61*99 


14 

4*62 

4*70 

N4 

56 

18*06 


0. 

48 

— • 

15*48 

— 


310 

100*00 



The new compound is formed according to the equation 

G, N^, €,o H, N=G,6 O3. 


Nitrate of diazo- 
benzol. 


Naphtalidine. Nitrate of diazo- 

bcnzol-amidonaphtol. 


It is one^of the finest bodies of which chemistry can boast. It crystallizes in well- 
defined prisms, which by reflected light are of a magnificent grass-green colour, but 
ruby-red by transmitted light. The crystals are almost insoluble in water and ether. 
Hot alcohol dissolves them freely, and redeposits them almost entirely on cooling. 


Biazohenzol-amidonajphtol 


Gg H4N2 
’G^oHyN 


)• 


This compound is obtained from the previous substance by removing the nitric acid 
by means of ammonia or potassa. It crystallizes in veiy brilliant ruby-red prisms, readily 
soluble in alcohol and ether, forming yellow liquids. Acids impart a beautiful violet 
colour to these solutions. Bichloride of platinum produces a purple-blue crystalline 
precipitate ; nitrate of silver a yellow precipitate, which consists of small fine needles. 

It is worth mentioning that these diazobenzol-amido-compounds can also be obtained 
by acting with an aqueous solution of the salts of the respective bases upon the com- 
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pound of hydrate of potassiam with diazobenzol. The reaction which takes place may 
be expressed by the following equation : — 

Cg H 4 Ng, KHO+Cg H; N, HC1=C,2 Hu N.^+Ka+Hg O. 

Hydrate of potassium irydrochloralo Diazoamido- 
with diazobenzol. of aniline. benzol. 


COMPOUNDS OF DIAZOBENZOL WITH AMIDO-ACIDS. 

Amido-acids are likewise capable of entering into combination with diazobcnzol. One 
would have expected that the compounds to which this reaction gives rise Avould deport 
themselves in an analogous manner to the sulphate or nitrate of diazobcnzol, which, 
like the salts of organic bases, arc capable of double decomposition. This, however, is 
not the case. The compounds of diazobenzol with amido-acids behave more like 
simple bodies, exhibiting much similarity to the diazo-amidobenzol, being capable, like 
the latter, of forming, with bichloride of platinum, double compounds of the nature 
of the potassio-bichloride of platinum. They possess, moreover, the property of com- 
bining with metals, giving rise to bodies which correspond entirely to the salts of simple 
acids. 

fC II N 

Viazohenzol-amidohenzoic acid, s , 

IC-H-NO, 


This compoimd is obtained by simply mixing an aqueous solution of the nitrate of 
diazobenzol (1 molecule) with a solution of amidobeiizoic aqid (2 molecules). It sepa- 
rates as a yellow crystalline precipitate which is readily freed from the mother-liquor, 
and when *dry dissolved in ether and filtered. The ethereal solution deposits on 
evaporation yellow crystals, which are obtained pure for analysis by washing with cold 
alcohol. 

0*3333 grm. of substance gave 0*785 grm. at CO 2 and 0*1458 grm. of water, corre- 
sponding to 64*23 per cent, of carbon and 4*86 p(?r cent* of hydrogen. 

0*49 grm. gave 68*8 cub, centiras. of nitrogen at 0° C. and 760 millims. pressure, 
<=17‘4 per cent. 


Jb 

Thcorj'. 

Experiment. 


156 

64-73 

64*23 

n„ 

11 

4-56 

4*86 

N 3 

42 

17-43 

17*65 

O 3 

32 

13-28 


• 

241 

100*00 


This body is foi*med according; to 

the equation 



€jH4N2,NH{)3+_2G,H,N0j=t_C,3H„N3 0j-t-G,H,N0j, NHG,. 

Nitrate of diazobenzed. Amidobenzoio Diozobenzol-amido- Nitrate of amidoben- 

acid. . benzoic acid. zoic add. 

Diazobenzol-amidobenzoic acid forms small indistinct plates or crystallino granis; If 
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is almost insoluble in water, very difficultly soluble in alcohol, and easily soluble in ether. 
Solutions of ammonia, potash, or carbonate of potassium dissolve the acid readily, the 
solution acquiring a yellow colour. On heating a little of the substance on platinum- 
foil, it fuses and is rapidly decomposed, the decomposition being accompanied by a 
violent evolution of gas. 

Cold dilute mineral acids act upon it but slowly ; on heating, however, speedy decom- 
position ensues. Acetic acid, even when highly concentrated, has no action in the cold, 
but on the application of heat destroys it. 


jPlaimumsalt of the Ilydrochlorate of Biazohenzohamidohenzoic Acid, 

Ci 3 Hii N 3 O 2 , 2HC1, 2Pt CL^. 

Xfts compound forms small yellowish-white indistinct plates, and is obtained by adding 
an alcoholic solution of bichloride of platinum to the ethereal solution of the diazo- 
benzol-amidobenzoic acid. 

0*7456 grm. of the substance gave, on ignition with carbonate of sodium, 0*234 grm. 
of platinum. 

Ci3HjiN3,H2a2,2PtCI,. 

Calculated. Found. 

Pt=30*80 31*39 


Diazobenzol-amidobenzoic acid in its behaviour witli bases is similar to a bibasic acid, 
since it combines with metallic bodies in two ways. All the salts :Qprmed are compara- 
tively stable ,* those, e, g., which arc soluble in water, as the potassium-salt, will even bear 
recrystallization. With the oxide of silver and barium it forms insoluble precipitates. 
A more minute description of these compounds I must defer to a future time. 

Compounds analogous to the diazobenzol-amidobenzoic acid are formed when amido- 
dracylic acid (isoamidobenzoic acid), amidoanisic acid, &c. are made to react in the 
manner previously described upon nitrate of diazobenzol, It is my intention to investi- 
gate these Kjompounds more specially, and I therefore abstain from entering further 
upon* their description, only noticing that they possess a remai’kable resemblance to 
diazobenzol-amidobenzoic acid. 


IMIDOGEN COMPOUNDS OF DIAZOBENZOL. 

By this name are designated a peculiar class of diazobenzol-compounds obtained by 
the action of ammonia, ethylamine, and analogous organic bases upon perbromide of 
diazobenzol (G 4 H 4 N 2 , HBr, Brg). All the compounds hitherto described exist iii a 
solid state, and none of them can be volatilized without decomposition ; the new con^- 
pounds to be described, on the other hand, are liquors which can be distilled, and which 
possess the narcotic odour of some vegetable bases, such as conidine and nicotine. 
Beyond this odour, however, they have nothing in common with these natural bases. 
They are indifferent bodies, combining with neither acids nor bases. 
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Biazohenzolimide, €<} H5 N3=^^® |n. 

On treating perbromide of diazobcnzol with aqueous ammonia, a speedy decompo- 
sition ensues with evolution of much heat. The products of the reaction are, first, 
bromide of ammonium, this passes into solution; secondly, diazobenzolimide, which 
separates as a heavy oil, rather highly coloured by a brown substance simultaneously 
produced in small quantity. By repeatedly distilling the oil with water it is obtained 
perfectly pure, and of a slightly yellowish colour ; the substance which imparts to it the 
intense brownish colour, not being volatile, is left behind in the retort. The purified 
oil is separated from the water by means of a separating funnel, placed over chloride of 
calcium, and then distilled once more from a water-bath in vacuo. 

0*1148 grm. gave 0*253 grm. carbonic acid and 0*0505 grm. of water. 



Calculated. 


Found. 

r 

Go 

72 

60*5^ 

60*10 

H 5 

5 

4*20 

4*88 

No 

42 

119 

35*30 

100*00 



Its formation is explained by the following equation : — 

CjIIjNj, HBr, Brj+4NH3=^®®^g4N+3NH4Br». 

V — ; 

Pcrbromido. Biazobcuzolimido. 

Diazobenzolimide is remarkable for its narcotic, aromatic-ammoniacal odour. It is 
volatilized by distillation with water, and also when heated in vacuo^ as shown above. 
Distilled at the ordinary atmospheric pressure, it is decomposed with explosive violence. 
Alcohol and ether dissolve it rather difficultly. I could not succeed in solidifying the 
oil by using a frigorific mixture of nitre and sal-ammoniac. Hydrochloric acid, even 
when concentrated, and aqueous potassa have no effect upon it. Strong nitric and 
sulphuric acids dissolve it with decomposition. 

Ethyldiazohenzolmide=: ^ |n. 

y ^2 H5 ) 

This body is obtained in a manner exactly similar to the one employed for the prepa- 
ration of diazobenzolimide, viz. by acting with ethylamine upon the perbromide of 
diazobenzol. It is likewise a yellowish-coloured oil, having a deceptive resemblance to 
the previously described compound. # 

* This decomposition of the perbromide explains the method of analysis adopted for the estimation of the 
bromine described in page 673* 
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PRODUCTS OF DECOMPOSITION OF THE DIAZOBENZOL COMPOUNDS. 

The transformations which the molecule of diazobenzol undergoes through the influ- 
ence of various reagents are numerous, and there is probably no other body to be met 
with in the large field of organic chemistry that surpasses it in this respect. The pro- 
ducts of decomposition to which it gives rise frequently possess new and very distinctive 
features ; more frequently, however, they belong to the benzol or pheiiyl group, in which 
latter case their formation depends upon the great inclination which the two nitrogen 
atoms of the diazobenzol exhibit to escape and to cede their place to other atomic groups 
of the same value (HH). 

J)eportmewt of Diazobenzol Compounds when boiled in an aqueous solution. 

The transformation of nitrate of diazobenzol, under the influence of boiling water, 
has already been noticed. A similar change is observed with regard to its sulphate and 
hydrobromate, as will be seen from the following equations : — 

GeH 4 N 2 ,SH, 04 +H 3 O^+N^ 

Sulphate Phenylic 

of diazobonzol. acid. 

HBr+ H; 0=G, 0+HBr+Nj. 

Hydrobromate Pbonylic 

of diazobenzol. acid. 

• 

On the other hand, the compounds of diazobenzol with metallic hydrates exhibit a very 
different deportment with boiling water. By neutralizing the metal, however, witii a 
mineral acid, the decomposition takes place in accordance with the above equations. 

Action of Alcohxtl upon Nitrate of Diazobenzol. 

By gradually and cautiously introducing the nitrate of diazobenzol into a moderate 
quantity of alcohol (previously warmed to about 60® C. in order to accelerate the solu- 
tion), and submitting the whole to distillation in a water-bath, a yellow residue remains, 
which solidifies to a crystalline mass on cooling, and dissolves readily in alkaline solu- 
tions, whence it was inferred that it had the character of an acid. There was, in fact, 
no difficulty in ascertaining that this body was nothing else than dinitrophenylic acid, 
possessing all the well-pronounced properties of this compound ; and to prove this most 
conclusively, it was converted into the characteristic amidonitrophenylic acid. Dinitro- 
phenylic acid, however, is not the only product to which this reaction gives rise ; for on 
mixing the distillate with water an oily body se^rates, which collects upon the fluid, 
especially when its specific gravity has been increased by the addition of a solution 
of chloride of sodium. This oil may be removed by means of a separating funnel^and 
dried over chloride of calcium. It possesses, when rectified by distillation, all the pro- 
perties of ordinary benzol. I have converted it into dinitrobenzol by the action of 
faming nitric add, and have found this latter identical with that prepared from coal-tar 

MD00CLZI7. 4 T 



664 


m F. aBIBSS ON A NEW SEEIES OF BODIES IN 


benzol. The fusing-point of the dinitrobenzol was in both instances 89° 0. The pro- 
duction of dinitrocarbolic add and of benzol can be expressed by the following equa- 
tion : — 

2 (€eH4Ng,NH03) +G2 He 0=^H4(N0^+g^+^^+N4+H20. 

Nitrate of diazobenzol. Alcohol. Dinitrophenylic Benzol. Aldehyde. 

• acid. 

Sulphate of diazobenzol, when distilled with alcohol, is acted upon in a similar manner. 
The alcoholic distillate contains the benzol, whilst the reddue in the flask consists of 
sulphuric acid and a small quantity of an organic acid. 

D^ortment of Nitric Acid and Nitrate of JDiazohenzol, 

Ordinary nitric acid, as well as the fuming acid, has no action upon this compound 
in the cold. The diazo-compound was dissolved in the strongest fuming nitric acid, 
allowed to stand for one hour, and cautiously diluted with water so as to prevent any 
rise of temperature; solution of terchloride of gold was then added, which gave an 
immediate precipitate. Analysis showed this precipitate to be identical with the gold- 
salt of hydrochlorate of diazobenzol. 

• 0*8295 grm. gave, on precipitation with sulphuretted hydrogen and ignition of the 
tersulphide of gold, 0*3685 grm. of gold, corresponding to 44*42 per cent 

C<;H4N2,HC1, AUCI3. 

Calculated. Found. 

Gold .... 44*37 44*42 

On boiling the solution of nitrate of diazobenzol in fuming nitric acid, trinitrophe- 
nylic acid is produced. By employing a somewhat weaker acid, an admixture of tri- and 
di-nitrophenylic acid is obtained. 

Action of Sulphuric Acid upon Sulphate of IHmobenzoL 

On dissolving the sulphate in a small quantity of concentrated sulphuric acid, and 
heating in a water-bath, a copious evolution of nitrogen gas ensues, and a brownish- 
coloured liquid remains, consisting of a mixture of the excess of acid employed and a 
new sulpho-acid. The separation of the two acids is readily accomplished by preparing 
their barium-salts. After diluting the brownish liquid with a suflicient quantity of 
water and adding carbonate of barium as long as the solution exhibits an acid reaction, 
the insoluble sulphate of baryta may be separated by filtration from the barium-salt of 
the new sulpho-acid. The filtrate is evaporated till a pellicle forms, when, on cooling, 
a large quantity of crystals of the barium-salt of the new sulpho-acid appears. After 
separating Bie crystals by filtration, mid then evaporating the mother-b'quor further and 
coojing, a new quantity of orystals is obtained. A single recrystallization flx>m water 
renderq them perfectly pure. This salt forms fine, white, well<4eveloped prisms, attaining 
frequently to the length of half an inch, when the solution is allowed to cool very 
slowly. The crystals are readily soluble in hot, rather difficultly in cold water, and 
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almost insoluble in alcohol and ether. The solutions have a neutral reaction. The 
substance was dried at 160^ 0. ; and on analysis 
0*4687 grm. gave 0*3067 grm. of carbonic acid and 0*0649 grm. of water. 

0*4606 grm., precipitated with sulphuric add, gave 0*2496 grm. of sulphate of barium. 
0*321 grm., analyzed by Cabius’^s method, gave 0*379 grm. of sulphate of barium*. 

These numbers lead to the formula 


^6 ^ 8 * 



Theory. 


Experiment. 

Ge 

72 

17*70 

18*23 


6 

1*47 

1*65 

Ba2 

137 

33*66 

33*69 

82 

64 

16*72 

16*21 

^8 

128 

31*46 



407 

100*00 



The salt, dried over sulphuric acid, contained 3^ atoms of water of crystallization;, 
which escaped entirely at 130® C. No further loss of water was observed on heating 
to a higher temperature. 

I. 0*6436 grm. of substance, dried over sulphuric acid, and Igstly at 130® C., lost 
0*0766 grm. of water. 

II. 0*639&grm. was dried at 190° C. and lost 0*073 grm. of water. 

GeHeBa^S^Og+SAH^O. 

Calculated. Found, 

A 

I. II. 

13*44 13*89 13*62 

In accordance with the analysis of the barium-salt, the free acid must be expressed 
by the formula CgHgSgOg, and I propose to call it disulphophenylenic acid, since it 
may be viewed as a compound of two molecules of sulphuric acid, with the hypothetical 
hydrocarbon GgH4 (phenylene), viz. €§1148211408. Its formation may be thus ex- 
vresssd 

G, Nj S HjO^+S 04=e, H4 SjH 4 Og+Nj 

' v: ' , ' V ' 

Sulphate of diazobonzol. Disulphophenylenic acid. 

The free acid is easily prepared by dissolving the barium-salt in water, carefully pre- 
cipitating the barium with sulphuric acid, and concentrating the filtrate on a water-bath 
till it acquires a syrupy consistency; when it is placed over sulphuric acid, it crystallizes 
out in the form of warty crystals, which are exceedingly soluble in water and alcohol, 
and deliquesce in a moist atmosphere. 

• 

* It is not even reqninte to heat the eubetance with nitric add in sealed glass tubes ; for the snl]]|iur in the 
snbstanoe is entirely converted into sulphuric add by the action of concentrated nitric add at the ordinary 
pressure. The add is converted into a crystallised nitro-add, resembling picric add. 

4 T 2 
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Besides the compound just described, there exists yet another barium-compound of 
^ulphophenylenic add of the composition Gg H 4 S 2 H Og, formed by the exchange 
of a thud equivalent of the hydrogen for barium. It is obtained by digesting either the 
baiium-compound with two atoms of barium, or the free disulphophenylenic acid with 
baryta-water for some time. The excess of baryta is neutralized by carbonic acid, and 
the filtrate evaporated till it begins to crystallize. The new salt forms very thin white 
plates, which, on being left for some time in contact with the mother-liquor, are like- 
wise converted into well-formed prisms. 

This salt differs, moreover, from the salt containing only two equivalents of barium, 
by its greater solubility in water*, and the strong alkalinity of its solutions, which is 
not destroyed by the carbonic acid. When freshly prepared, the crystals of this com- 
pound are clear and transparent ; they soon, however, lose a portion of their water of 
crystallization, and are reduced to a white powder. The substance employed for the 
following analyses was dried at 160° C., at which temperature the water of crystalli- 
zation is rapidly given off. 

I. 0*4518 grm. of substance gave 0*261 grm. of carbonic acid and 0*0396 grm. of water. 

II. 0*3025 grm. gave 0*2225 grm. of sulphate of barium. 


Calculated. Found. 


G. 

72 

15*18 

I. 

15*75 

II. 

H, 

5 

1*05 

0*97 


§2 

64 

13*48 


— — 

Boj 

205*5 

43*31 


4a-24 


128 

26*98 




474^ 

100*00 




It is possible that two more barium-salts of disulphophenylenic add exist, of the 
respective formulae Cg H 4 S 2 Ba H 3 Og and Gg H 4 Sg Ba 4 Og. 

Disulphophenylenic acid is likewise capable of combining in two proportions with 
other metals ; with lead it seems to combine even more freely, forming apparently no less 
than five distinct salts, viz. GgH 4 S 2 H 3 Pb Og, GgH 4 SgHgPbgOg,' GgH 4 S 2 HPb 3 08, 
G 6 H 4 S 2 Pb 4 0g, and Ggll 4 S 2 Pb 4 0 g-|-Pb 2 0. 

The descrijftion of the preparation and properties of these bodies will be reserved for 
a future communication. The silver-salt of disulphophenylenic acid, however, may find 
a place here, since it exhibits the peculiar chemical deportment of the new acid in a 
striking manner. 

IHml^Ji^hmylenate of Silver. — ^This salt is obtained by treating an aqueous solution 
of the free acid with carbonate of silver, evaporating the filtrate first on the water-bath, 
and lastly over sulphuric acid. It crystallizes either in warty masses or in smdd plates. 

* On prtparing the salt €, S, H, Ba, 0,, as desoribed above, with excess of carbonate of barium, a certain 
amount of the second barium-compound is formed, which remains in the mother-liquor from which the first 
salt has crystallised. 
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It is easily soluble in water, difficultly so in alcohol, and almost insoluble in ether. It 
does not contain any water of crystallization. After drying over sulphuric acid it does 
not lose weight, even when heated to upwards of 160° C. 

I. 0*5536 grm. of the salt, dried at 160°, gave 0*3112 grm. of carbonic acid and 
0*0443 grm. of water. 

II. 0*9153 grm. gave 0*5133 grm. of carbonic acid and 0*0726 grm. of water. 

III. 0*502 grm. gave 0*3082 grm. of chloride of silver. 

IV. 0*4976 grm. gave 0*302 grm. of chloride of silver. 

These numbers lead to the formula €g H 4 Sg Agg O 7 . 



Theory. 



Experiment. 


r 


A 

I. 

IT. 

III. 

IV. 

Ge 

72 

15-39 

15*33 

15*29 



H4 

4 

0*86 

0*89 

0*88 



S, 

64 

13*68 

— — - 

-*• 



Aga 

216 

46*15 



46*20 

46-6£ 

G7 

112 

23*93 



It 

— — 


468 

lOO-OO 






To judge from the composition of the silver-salt of disulphophenylenic acid, it appears 
to be bibasic (€g H 4 §2 ^2 ^ 7)5 whilst the formula deduced from its barium an3 lead salts 
establishes its tetrabasic character (Gg H 4 S 2 H 4 Og). The new acid exhibits therefore 
the rare property of varying basicity, such as is possessed by phosphoric acid in the in- 
organic, and by tefebinic acid in organic chemistry, as shown by Ekman*. 

Action of Sulphuretted Hydrogen upon the Oold-salt of Hydrochlorate of Hiazohenzol. 

By passing a current' of sulphuretted hydrogen gas through coM water in which the 
gold-salt has been suspended, all the gold is converted into the trisulphide, whilst the 
diazobenzol is transformed into a volatile product. When the reaction is complete, the 
liquid is submitted to distillation, when a very nauseous, heavy, yellowish oil is found to 
pass over with the aqueous vapour. I have not pursued its examination further than 
to convince myself that it is not the phenylmercaptan (GgHgS) described by Vogt, 
which at first sight it appeared to be. Its mercaptanic odour and its derivation from 
the diazobenzol in the gold-compound (according to the equation 

GgH4N2+SH2=GgHgS-fN2) 

rendered this view very probable. Neither basic acetate of lead, however, nor nitrate of 
silver, even in the presence of ammonia, gave precipitates with the oil, which proved 
convincingly that it differed entirely from phenylmercaptan. 

On examining the residue in the retort after the oil had been distUled off, it was 
found to consist of tersulphide of gold and an aqueous liquid ,* the latter is found to«con- 
tain chloride of ammonium, together with a little free hydrochloric acid, and a small 

* LmvBiOBx, Lehrbttdi der Cihemie, p> 1016. 
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quantity of the hydrochlorate of a base which is no other than ainUine. The occurrence 
of these bodies shows that a small portion of the diazobenzol is decomposed as follows 

€« H 4 N2+3SH2=:G6 Bfy N+NHg+SS. 

The same products of decomposition are met with when an alcoholic solution of the 
gold-salt is treated with sulphuretted hydrogen. 

On passing the latter, however, over the dry gold-compound, it speedily causes an 
explosion. By employing only a very small quantity of the substance, and by spreading 
it in a thin layer in a glass tube, it is possible to avoid explosion and secure a quiet 
decomposition. The reaction is over when no more hydrochloric acid fumes escape 
with the current of sulphuretted hydrogen. The black residue which is left behind in 
the glass tube appears to contain, besides tersulphide of gold, free diazobenzol. I was 
not able to isolate this latter. The explosive nature of the residue and its deportment 
with ether, which speedily produces^a rapid evolution of gas, leave, however, little doubt 
of its presence. Hydrochloric acid, tersulphide of gold, and diazobenzol are therefore 
the products of decomposition of the gold-salt by means of sulphuretted hydrogen. 


Action of Nascent Hydrogen upon Hiazobenzolimide. 

If hydrogen is generated by means of zinc and sulphuric acid in an alcoholic solution 
of this bo^, a point is reached in a comparatively short time when, on the addition of 
water, no more turbidity occurs, indicating that the diazobenzolimide has completely 
disappeared. 

By removing the excess of zinc and evaporating the alcohol on* a water-bath, the 
residue, when treated with potassa, evolves much ammonia, and an oily base simultane- 
ously separates ; this is purified by distillation, and is found identical with ordinary 
aniline. The decomposition may be thus expressed : — 

Gfi H5 Ng-f 8H=€6 H; N-f 2NH3. 

Diazobenzolimide. Aniline. * 


Actim of Carbonate of Barium upon Nitrate of IHazobenzol. 

By treating a cold aqueous solution of this salt with levigated carbonate of barium, a 
feeble evolution of gas is observed, which lasts for several days. A reddish-brown mass 
is produced insoluble in water, which remains with the excess of carbonate of barium 
when the reaction is over. The residue is a mixture of two distinct bodies. By filtering 
off the solution containing nitrate of barium and removing the excess of carbonate by 
means of dilute hydrochloric acid, these two products can be readily separated by 
treatment with cold idcohol, in which they are very unequally soluble. * In order to 
obtain the more soluble one in a pure state, the alcohol is evaporated and the residue 
treated with ammonia. An intensely yellow-coloured solution is produced, which must 
be filtered to remove a small quantity of a resinous substance, and decomposed with 
hydrochloric acid, when the new compound is precipitated in crystals. These are 
obtained perfectly pure for analysis by repeated crystallization from weak alcohol. 
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0*260 grm. of substance gave 0*6679 of carbonic acid and 0*1136 gnn. of water, corre- 
sponding to 72*62 per cent, of carbon and 6*04 of hydrogen. 

0*307 grUL gave 36*7 cub. centims. of nitrogen at 0®C. and 760 milliiua- bar. pressure, 
sr0*04461 grm. of nitrogen, or 14*62 per cent. 

The following formula is deduced from these numbers .*— 


^12 ®10 ^2 ^* 



Calculated. 


Found. 

Gi2 

144 

72*73' 

72*62 

1^10 

10 

6*06 

6*04 

N2 

28 

14*14 

14*62 

0 

16 

8*08 




100*00 



The formation of this compound may be expressed by the following equation : 


2(G6 H4 Ng, NHQ3)+H20=Gt2 Hjo N2 0+2NH03-f 2N. 


Nitrate of ^azobcnzol. 


New compound. 


It will be readily seen that this formula contains the elements of phenylic acid and 
diazobenzol* • * 

O3 H4 N2+C6 He 0 =Gi2 Hio N2 O, 


and I will therefore call it phenol-diazobenzol without prejudging its rational constitu- 
tion. This body usually crystallizes from alcohol and ether (in which it is very easily 
soluble) in brittle brownish-yellow warts. It is almost insoluble in cold water, slightly 
so in boiling water, from which, on cooling, it crystallizes in small yet well-formed 
rhombic prisms of a fine yellow colour, with a tinge of violet. These crystals fuse at 
148° C. to a brownish-yellow oil, which cannot be volatilized without decomposition, 
and is destroyed at a higher temperature with formation of yellow vapour. Although 
phenol-diazobenzol has the properties of an acid, forming with certain metals saline 
compounds, its acid character is so slightly pronounced, that it is not even capable 
of decomposing carbonates. On evaporating a solution of phenol-diazobenzol with' 
aqueous carbonate of potassium to complete dryness, the former will be left behind 
unaltered. Evaporated with aqueous ammonia, the whole of the ammonia is driven off. 
Treated with nitrate of silver, a scarlet-red silver compound precipitates, which appears 
specially suited to serve for the determination of the atomic weight of this compound. 
It deserves mention that phenol-diazobenzol is isomeric with azoxybenzide. The pro- 
perties just described show conclusively, however, that it has nothing in common with 
the latter compound beyond the formula. 

The second product of the above-mentioned reaction may usually be obtained per- 

* NitroBoethyUne, recently desoribed by Gevtheb and EBXvrziiAeE, will probably come under the same class 
of compounds, sinoe its composition may be eiqtressed by the addition of the hypothetical duuol:^dxide of ethyl 
and alcohol, viz., 



690 


MB. F. GBIESS ON A NEW SEBIE8 OF BODIES IN 


fectly pure by recrystallizing it once or twice from strong alcohol, afterwards dissolving 
it in ether, and allowing the solution to evaporate spontaneously. Sometimes, however, 
the crystals are slightly contaminated with traces of a body which has to be removed by 
means of caustic potassa*, in which the new compound is completely soluble, whilsjt the 
foreign substance remains behind as a brown resin. Hydrochloric acid precipitates it 
from the alkaline solution, and it can now be completely purified by crystallization from 
alcohol or ether. 

I. 0*2155 grm. gave 0*564 grm. of carbonic acid and 0*096 grm. of water, corre- 
sponding to 71*31 per cent, of carbon and 4*95 of hydrogen. 

II. 0*33 grm. gave 47*6 cub. centims. of nitrogen at 0 “ C. and 760 millims. bar. 
pressure, =0*059813 grm. of nitrogen, equal to 18*12 per cent. ^ 

III. 0*4605 grm. gave 66*5 cub. centims., of nitrogen at 0® C. and 760 millims. bar. 
pressure, =0*08356 grm. of nitrogen, equal to 18*14 per cent. 

These numbers led to the formula 





Calculated. 



Found. 

A 


^18 

216 

71*52 

I. 

71*38 

II. 

m.' 

Hi4 

14 

4*63 

4*95 , 



N 4 

56 

18*55 


18*12 

18*14 

0 

16 

5*30 





^2 

100*00 





Its formation is explained by the equation 

3(G, H 4 N 2 , NHG3)-fH20=Gi8 II 14 N 4 O+Ng+SNHOg. 

' — I ^ ^ ^ 

Nitrate of diazobenzol. New compound. 

It may likewise be viewed as composed of phenol and diazobenzol, viz. 

2G, H. Nj+Gj 0=G,8 H,. N. O, 

and I would therefore propose the name phenol-bidiazobenzol. 

This new compound crystallizes in brownish-red needles or plates ; it is readily soluble 
in ether, difficultly soluble in cold alcohol. Hot water dissolves it but very slightly. 
On heating,tit deports itself like the compound previously described. It fuses at 113® C. 
Phenol-bidiazobenzol is an almost perfectly neutral body. Its deportment with potassa 
(in which it dissolves readily, forming a ruby-red solution) reminds one, however, of the 
properties of an add. Ammonia-water dissolves it with difficulty, and aqueous carbonate 
of potassa not at all. Dilute acids exert likewise no solvent action ; concentrated adds, 
however, 'dissolve it with a blood-red' colour. Decomposition ensues when the latter 
solutions are heated. 

* Iiutaad of treating the mixtore of tho crude products of decompontion and carbonate of barium with 
hydrochloric acid in order to remove the latter, the new compounds may be extracted with potassa, fiien pre- 
cipitated with hydrochloric acid, and lastly separated, as already described, by means of alcohd. 
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Action of Potassa upon Nitrate of iHazobenzol. 

On mixing diluted aqueous solutions of these two bodies*, a yellow liquid is obtained, 
which possesses a peculiar aromatic odour and soon begins to evolve nitrogen gas, a red- 
dish-brown neutral substance being simultaneously formed. At the common temperature 
this reaction is very slow, and requires several weeks to be completed. If, however, 
heat is employed, the decomposition proceeds rapidly, and the reddish-brown substance 
is separated as a resinous, semifluid mass, quite insoluble in water, and only very slightly 
soluble even in boiling alcohol. Ether dissolves it readily. I have not been able to 
obtain this substance in crystals. By allowing its ethereal solution to evaporate spon- 
taneously it is left behind in a resinous state. As a powder it is very electric. Boiling 
with nitric acid produces a new yellowish crystalline body. 

In order to purify the amorphous product of decomposition, I have first washed it 
thoroughly with water, then boiled with alcohol, and finally dissolved it in ether ; the 
substance remaining after the evaporation of the ether was submitted to analysis. 

I. 0*2958 grm., dried in vacm^ gave 0*8888 grm. of carbonic acid and 0*1447 grm. 
of water. 

II. 0*220 grm. gave 0*6667 grm. of carbonic acid and 0*1082 grm. of water. • 

III. 0*3926 grm. gave 29*8 cub. centims. of nitrogen at 0® C. and 760 millims. pressure. 

IV. 0*5054 grm. gave 32*0 cub. centims. of nitrogen at 0® C. and 760 millims. pressure. 

These numbers agree best with the formula 



Calculated. 



G 24 Hig Ng 

Found, 



r 


^ 

r 

I. 

II. 

III. 

IV. 

Cj4 

288 

82*29 

81*96 

82*68 

— 


H.8 

18 

,5*14 

6*44 

6*45 

— 


Na 

28 

8*00 




9*63 

7-66 

G 

16 

4*67 






350 

100*00 






The formation of this substance can be expressed by the following equation : — 

4 (G^ H4 N2 , NH03)-f-H2 0 =G 24 Hjg 4NHG3+6N. 

If instead of an aqueous, an alcoholic solution of potassa be added to the nitrate of 
diazobenzol, dissolved in water, the reaction which takes place is much more compli- 
cated. In this case, in addition to the reddish-brown body, two volatile substances are 
formed, viz. benzol and phenyl, Gjg Hjo, the hydrocarbon recently discovered by FiTmaf. 
When the reaction is conducted in a retort, on the application of heat the benzol passes 
over with the alcohol, and may be separated from it by the addition of water. The 

* The compound of hydrate of potassium and diazobonzol (page^75) does not seem to be formed in this case, 
as I was only able to separate this substance when very conoentrated solutions of the nitrate of diazobenzol and 
potassa had been employed in its preparation. 

t Ahht der Chem. und Fharm. Bd. czzi. p. 363. 
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phenyl being less volatile, is obtained after the whole of the alcohol has distilled over; 
it condenses into a crystalline mass in the receiver. Repeated recrystallizations from 
alcohol render it quite pure, in white plates, resembling naphtaline, and fusible at 
70® C. These properties leave no doubt as to its identity with the phenyl of Dr. Fittig, 
to whom I am indebted for a small portion of his substance, which resembles in every 
respect the body obtained as mentioned above. 

The third product of the decomposition in question, viz. the amorphous brown sub- 
stance, is left behind in the retort as a resinous masA 

From the foregoing observations it will be seen that potassa, in the presence of 
alcohol, causes simultaneously three different decompositions of the diazobenzol-mole- 
cule, which may be expressed as follows ; — 

I. 

Diazobenzol. Alcohol. Benzol. Aldehyd. 

II. 2GjH,Nj+G2H,0 = Gj^+GjH,0+N.. 

Phenyl. 

III. 4G6H4N24-H2 0 = C24Hi8N2 0 + N6. 

• Reddish-brown 
substance. 


Action of Aimnonia upon aqueous Nitrate of Biazohenzol. 

On adding diluted ammonia to an aqueous solution of this diazo-compound, a similar 
reaction takes place as when the potassa is employed. On treating the brown mass, 
however, with alcohol, it becomes evident that it consists of two bodies. The difficultly 
soluble portion is absolutely identical with the nitrogenous body previously described, 
as was proved by the following analysis : — * 

0*246 grm. gave 0*7 44 grm. of carbonic acid and 0*1237 grm. of water. Carbon = 82*76, 
and hydrogen 6*60 per cent. 

C24 Hjg N 2 0. 


Calculated. 

Found. 

• C <62-29 

82*76 

H 6-14 

6*60 


The body accompanying it, and which is readily soluble in alcohol, is obtained, by 
repeated crystallization, in the form of small, light-yellow plates which detonate on 
heating, and whose alcoholic solution gives precipitates with nitrate .of silver and 
bichloride of platinum. This compound is, in fact, no dther than the diazo-amidobenzol 
previously mentioned. The coincidence with this latter was so complete, that it appeared 
to me loss of time to analyze it. With regard tp the first of the two products of decom- 
position, it is clear that its formation must be expressed by the same equation which 
illustrated the reaction with caustic potassa upon nitrate of diazobenzol, whilst the 
formation of the latter (the ^azo-amidobenzol) 'is explained by assuming that a portion 
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of the original coinpoimd is decomposed, in the following manner 

2(G.H^ Nj, NH0,)+3NH3=G„H„ N3+N,+2(NH4, NO,). 

^ J ^ • 

Nitrate of mazobenzol. Diazo-omidobenzol. 

Two atoms of nitrogen in two equivalents of diazobenzol have, therefore, been simply 
replaced by one of ammonia. 

• ’V 

Decomposition of the Platinum-salt of Diazobenzolf and of the Perhromide of DiazdbenzoU 

ly the action of heat. 

When speaking of the platinum-salt, I had occasion to mention that it detonates 
when heated. By mixing it, however, with a large excess of perfectly dry carbonate of 
sodium *, and heating the whole in a retort on a sand-bath, it is quietly decomposed. 
The decomposition begins at a moderate heat, and is marked at first by the evolution 
of gas, and subsequently by the distillation of an oily body. The residue in the retort 
Consists of Carbonate of sodium, metallic platinum, and chloride of sodium. The oily 
distillate contains chlorine. It is obtained perfectly pure by distilling once with chlo- 
ride. of calcium, and forms an almost colourless oil, which is heavier than water and has 
the odour of benzol. These properties, as well as the chlorine determination, which 
was made by igniting the substance with caustic lime, prove that it is chloro-benzol, 

GeHjClt- 

0'206 grm. gave 0’268 grm. of chloride of silver. 

CsHjCl. 

Calculated. Found. 

Chlorine . . 31-66 32-34 

The formation of chlorobenzol may be expressed by the following equation : — 

GgH^Nj, HCl, PtCla = Cl-f Pt-fClg+Na. 

^ ' — Y — ^ 

Flatinum-salt. Chlorobenzol. 

The platinum-salt of the bromide of diabenzol;|; is decomposed in an exactly similar 
manner. The resulting bromobenzol diflers in po way from the bromobenzol obtained 
by Coupe:^ by the action of bromine upon benzol, as may easily be shown by converting 
it into 4iitrobromobenzol, which possesses all the properties of nitrobromobcnzol pre- 
pared from coal-tar oil. 

Bromobenzol can also be produced by the decomposition of perhromide of diazobenzol 
by heat, according to the equation 

Cg H 4 Ng, H Bit Brj = Gg H 5 Br-1-N2-|-Br2. 

Perbromide ^ diazobonzol. Bromo^enrol. 

* It is self-evident that other carbonates, such as carbonate of barium, calcium, &c., may be used jiutead of 
carbonate of sodium. 

t In an probability it is identical with chlorobenzol obtained from benzol or phenoL 

^ This compound is obtaihed as ah insoluble reddish-yeUow precipitate, on mixing bibromide of platinum 
with an aqueous solution of nitrate of diasobenzol. 


4z2 
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In order to decompose larger quantities of the perbromide of dia^obenzol in this manner, 
it is likewise requisite to mix it first with a sufficient quantity of carbonate of sodium, 
to avoid a violent explosion. 

By heating the mixture in a retort bromobenzol is obtained almost perfectly pure. 
The perbromide, when heated with alcohol, likewise gives rise to a decomposition in 
accordance with the previous equations. Bromobenzol separates as a heavy oil on the 
addition of water to the alcoholic solution. 

It deserves to be mentioned that all these reactions are very well defined, and that 
the amount of the products of decomposition corresponds almost theoretically with the 
quantities employed. 


Appeitdix. 


It may be of some interest to mention an experiment I made to obtain ethylated 
diazobenzol compounds. For this purpose I submitted nitrate of ethylaniline to the 
same reaction which produced from nitrate of aniline the nitrate of diazobenzol. I 
obtained a body crystallizing, like the latter, in long needles. If this body had really 
been nitrate of ethyldiazobenzol, I expected to obtain, by boiliiig with water, a reaction 
according to the equation 

Co H3 (C2 Hg) N2, NHO3+H2 0=G6 H5 (G2 Hs) G+NHO3+N2. 

j V j 


TV' 


Nitrate of ethyldiazobenzol. 




Ethylphonylic acid. 


It soon became evident, however, that the oily body produced was nothing else than 
ordinary phenylic acid ; and since no other organic product of decomposition could be 
traced, I had to come to the conclusion that the above-mentioned crystals were nothing 
else than ordinary nitrate of diazobenzol. In order to decide this question the gold-salt 
was prepared, and, after being purified by recrystallization from alcohol, the well-known 
golden, brilliant crystals were obtained, which gave, on analysis — 

0*769 grm., decomposed by sulphuretted hydrogen and ignition of the tersulphide of 
gold, left 0*337 grm. of gold. 

G6H4N2,HC1, AUCI3. 

Calcolated* Poond. 

Gold . . . 44-37 44-40 


The compound GgH 3 (G 2 H 5 )N 2 , HCl, AnOj, requires 41*74 per cent, of gqld. 

The action of nitrous acid upon nitrate of ethylaniline may therefore be expressed by 
the equation 

Gg Hg (G2 Hg)^, NHG3+NH02=Gg H4 Nj, NHOj-f Gj Hg G+H2 0. 

V ^ ^ ' y ' 

Nitrate of ethylaniline. Nitrate of oiazobenaol. AloohoL 
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PART n. 

The peculiar and somewhat i^markable properties of the compounds derived from 
aniline in the manner previously described, have induced me to try whether bromani- 
line, nitraniline, &c., when similarly treated, would be converted into the corresponding 
substituted diazobenzols. 

This I have succeeded in doing, and the new substances thus obtained exhibited all 
the properties which I found so characteristic of the normal diazobenzol-compounds. 
They are, if anything, more stable, owing, if I may so express myself, to the compara- 
tively larger amount of more solid and stable materials which are more firmly combined 
with the extremely volatile and easily disturbed nitrogen. This property renders them 
more fit for many experiments in which the non-substituted diazobenzol-compounds are 
liable to give rise to dangerous accidents. They are likewise remarkable for great 
beauty, a property which certainly encourages a closer acquaintance. 

Nitrate of Diazohr&mohenzol^ GgHgBrNg, NHO3. 

This compound may be prepared either by the action of nitrous acid gas upon nitrate 
of bromaniline or upon diazo-amidobromobenzol, and in an exactly similar manner to the 
nitrate of diazobenzol. If an aqueous solution of nitrate of bromaniline be employed, 
nitrous acid gas must be passed through very rapidly at first, or else diazo-amidobromo- 
benzol (even in the presence of much free nitric acid) begins to separate. This it is 
very difficult to convert into the desired compound in an aqueous solution. Nitrate of 
diazobromobenzol remaining comparatively constant in aqueous solutions, it is possible 
to concentrate them, without any great loss, by spontaneous evaporation in the open air. 
In this manner solutions which are too dilute may be concentrated before precipitating by 
means of alcohol and ether. It can be obtained perfectly pure by repeatedly dissolving 
in alcohol and* precipitating with ether, when it is obtained in the form of purely white 
scales which, when crystallizing out rapidly, present themselves in the form of regular 
rhombic plates. These crystals, like those of nitrate of diazobenzol, are exceedingly 
soluble in water, difficultly so in strong alcohol, and almost insoluble in ether. They 
explode when they are heated, struck, or ’compressed, though not so readily nor wUh 
the same violence as the nitrate of diazobenzol, and they can therefore be mixed without 
danger With oxide of copper and burnt in the usual mode of organic analysis. 

0*4692 grm. of the substance gave 0*503 grm. of carbonic acid and 0 0746 grm. of water. 

These numbers correspond with the formula 

Ge-HaBrNg, NHO3. 



Caloulatedl 


Found. 


72 

29*^7' 

29*24 

H. 

4 

1*63 

1*76 

Br 

80 

32*53 

— 

N, 

42 

17*07 

— 

©3 

48 

19*50 

— 


246 

100*00 
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The formation of nitrate of diazobromobenzol may be represented hy the following 
equations : — ^ 

L €« Hg BrN, NHO 3 + HNOg = H-, BrNjj, NH 03 -f* 2 H 2 G. 


II. 


•V" 




Nitrate of bromaniline. 






Nitrate of diazobromobenzol. 


Gi 2 Brg N3+HN02H-2Nn03=2(G6 H3 Br N2, NHG3)+2H2 

Y 

Diazoamidobromobcnzol. 


v: 


Nitrate of diazobromobenzol. 


Sulphate of BiazohromdhenzoU GgIl3BrN2, SH2O4. 

The preparation of this compound from nitrate of diazobromobenzol and sulphuric 
acid corresponds so closely with that of the non-substituted (abromous) sulphate, that 
it may suffice simply to refer to the description already given of the preparation of 
the latter, and I will therefore restrict myself to a few remarks on its properties. 

Sulphate of diazobromobenzol crystallizes in very fine colourless prisms, which are 
very soluble in water, very difficultly soluble in alcohol, and almost insoluble in ether. 
The new hody is comparatively stable, and can be crystallized from water without 
suffering the least decomposition, by allowing its solution to evaporate over sulphuric 
acid. Boiling water decomposes the compound, and heat causes it to explode. Its 
formula has. been established by a determination of the sulphuric acid only. 

0*377 grm. gave 0*315 grm. of sulphate of barium. 

Calculated. Found. 

A. 

06H3BrN2 183 65*12 

SII 2 O 4 98 34*88 35*15 

m 100*00 


Uydrobromate of Biazohromohenzoly Cg H 3 Br N 2 , HBr. 

This compound is prepared either by decomposing an aqueous solution of the previous 
salt by means of a sufficient quantity* of bromide of barium and spontaneous evaporation 
of the filtrate, or by the action of an ethereal solution of bromine upon an ethereal solu- 
tion of diazo-amidobromobenzol. If prepared by this latter method the new compound 
Speedily separates in crystals, on account of its insolubility in ether, and is obtained pure 
by .filtering off from the mother-liquor and washing the crystals with ether. Its forma- 
tion may be expressed by the following equation 

€v2 Ho Br2 N34-4Br=Gg H, Br Ng HBr+Gg H4 Bra N-f HBr. 

^ ■■ ' ^ y 

Diazoanddobromo- ifydrobreltiate of diazo- I^romamline. 

benzol. bromobenzol. 

The hydrobromate of diazobromobenzol forms pearly white shining scales which 
dissolve very readily in water; like the hydrobromate. of diazobenzol, they are more 
difficulty soluble in alcohol and quite insoluble in ether. In the dry state it can be 
preserved a long time without undergoing decomposition. On heating, it explodes 
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almost as violently as the corresponding nitrate. By treating an aqueous solution with 
freshly precipitated chloride of silver, the hydrobromate is converted into the hydro- 
chlorate of diazobenzol. 

0*6316 grm. of substance, precipitated with nitrate of silver, gave 0*379 grm. of 
bromide of silver. 


Calculated. 

Found. 

fefiHaBrN, 

69*.32 


HBr 

30*68 

30-72 


100*00 



Perhrmnide of Biazdbrormhenzol^ CgH^BrNg, HBr, Brg. 

By treating an aqueous solution * of any one of the previously-described diazobromo- 
benzol-compounds with excess of bromine-water, a crystalline orange precipitate speedily 
falls, increasing rapidly till all the diazobromobenzol has been precipitated. If too 
much bromine has been added the precipitate becomes generally of an oily consistency, 
solidifying, however, to a yellow crystalline mass as soon as the mother-liquor has been 
removed and the excess of bromine allowed to evaporate spontaneously. In order to 
obtain the perbromide, thus prepared, in fine crystals, it is dissolved in the smallest 
possible quantity of warm, not boiling, alcohol, from which it separates on cooling in 
yellow monoclinic prism!;. A small portion only remains in the alcoholic mother-liquor, 
from which evaporation rarely recovers it, since it usually undergoes decomposition. It 
\vill, however, be seldom necessary to run this risk of losing part of the substance by 
recrystallization, for the compound is almost perfectly pure from the very first, and at 
all events quite fit to be employed for the experiments to be described further on. 

Under certain circumstances this perbromide is formed during the preparation of , 
hydrobromate of diazobromobenzol from diazo-amidobromobenzol, in which case the 
two compounds are readily separated from one another by washing with cold water. 
Perbromide of diazobromobenzol crystallizes, as has been already remarked, in orange 
monoclinic prisms, insoluble in water, freely soluble . in. warm, difficultly so in cold 
alcohol, and very difficultly soluble in cold ether. 

On boiling an alcoholic solution decomposition ensues, and on heating the crystals 
alone they explode feebly, witli disengagement of bromine vapour and nitrogen gas. 

Analysis gave the following results : — 

0*668 grm. of substaape gave 0*304 grm. of carbonic acid and 0*064 grm. of water. 

0’466l grm., ignited with caustic lime, gave with nitrate of silver 0*8136 grm. of 
bromide of silver. 

These numbers lead to the formula 

GeHjBrNgHBiv 


* The crude aqueous solution obtained by the action of nitrous acid upon the nitrate of bromaniline may 
dcteivonientiy be dinployed. 
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Theory. 


Esperimenti 

Cj 

72 

16*98 

1711 

Hi 

4 

0*94 

108 

Nj 

28 

6*60 


Br, 

320 

75*48 

76 '06 


424 

100*00 



Platinum-salt of the Hydrochlorate of Piazobroniohenzol, CeHjBrJffgj HCl, PtCl 2 . 

Bichloride of platinum, even from a very dilute solution of the nitrate or sulphate 
of diazobromobenzol, separates a mass of small yellow crystals, which appear under the 
microscope as fractured plates, and which are almost insoluble in every neutral solvent. 
They are stable at 100° C. 

0*568 grm. gave, on ignition with carbonate of sodium, 0*1447 grm. of platinum. 

C6H3Bi*N 2,HC1, PtClg. 

Calculated. Pound. 

Platinum . . 25*36 per cent. 25*47 

Gold-salt of the Hydrochlorate of Diazobromobenzol^ Gg H 3 Br Ng, HCl, Au CI 3 . 

This compound is precipitated from an aqueous solution of nitrate of diazobromo- 
benzol on the addition of terchloride of gold, at first as a yellow oil, which, however, 
rapidly solidifies to a crystalline mass. The crystals aie insoluble in water, but can be 
recrystallized from warm alcohol without much loss, and arc thus obtained in the forih 
of splendid small golden-yellow shining plates. 

0*469 grm. of substance, dissolved in alcohol and decomposed with sulphuretted 
hydrogen, gave, after ignition of the tersulphide of gold, 0*1763 grm. of gold. 

G 6 H 3 BrN 2 , HCl, AUCI 3 . 

Calculated. Pound. 

Gold . . . 37*67 per cent. 37*59 

* * 

Comjyound of Hydrate of Potassium with Diazobromobenzol^ GgH 3 BrN 2 , KHG. 

f On the addition of caustic potash to a concentrated solution of nitrate of diazobromo- 
benzol a lemon-yellowish precipitate of diazobromobenzol separates at first, but is soluble 
in excess of potash. Oh evaporation by means of a water-bath^ the solution solidifies, 
when sufficiently concentrated, to a reddish-coloured crystalline paste of nitre and the 
new dbmpound of hydrate* of potassium and diazo-bromobenzol. 

The latter is separated and purified exactly in a similar manner to the analogous 
compound of diazobenzol. It differs from this compound in being precipitated from its 
alcoholic solution by means of ether as a white gelatinous mass, and not in the form of 
crystals. White plates are obtained by allowing its aqueous solution to evaporate on a 
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watch-glass over sulphuric acid, which, however, turn red on keeping, owing to a partial 
decomposition. 

Compmnd of Hydrate of Silver with HiazohromohenzoU C(;H {BrN2, -^HO. 

This body is obtained as an almost white insoluble precipitate, very similar to the 
hydrate of silver with diazobenzol. I abstain from describing any more of the com- 
pounds of diazobromobenzol with metallic hydrates, since they entirely resemble the 
corresponding diazobenzol-compounds in every respect. 


LiazdbrmiohenzoU ^2* 

This compound is obtained in slender, bright-yellow needles by adding weak acetic 
acid to the compound of hydrate of potassium with diazobromobenzol, or as a bright 
yellow amorphous precipitate on the addition of dilute potassa to the aqueous solution 
of the nitrate of diazobromobenzol. In either case it is necessary to remove it speedily 
from the mother-liquor, and to dry it rapidly over sulphuric acid. 

Diazobromobenzol is an exceedingly dangerous compound ; for the slightest pressure, 
or even touch with a rough object, causes it to go off in a fiery explosion almost exceed- 
ing in violence that of the nitrate of diazobenzol. Although much more stable than 
diazobenzol, it can, however, be kept only for a short time in a perfectly unchanged 
condition. After being kept for some time, a reddish-brown residue is left, which no 
longer explodes even oh heating, and it seems that the nitrogen has been gradually 
eliminated. Ether dissolves diazobromobenzol and causes a viqlent evolution of gas, 
frequently of such intensity as to give rise to explosions. When freshly prepared, this 
body is soluble in caustic potassa as well as in mineral acids, with formation of the 
previously-described saline bodies. 

COMPOUNDS OF DIAZOBEOMOBENZOL WITH AMIDO-COMPOUNDS. 

Diazobromobenzol, like diazobenzol, can enter into combination virith amido-bases and 
amido-acids. Since, however, these new bodies jpossess absolutely no fresh chemical 
interest, but resemble ii^ every respect the amido-(^ompounds of diazobenzol, it may 
suffice to mention a few only, as briefly as possible. 

JDiazo^mdobromohenzoli ■[ 

iGgHeBrNj 

separates in yellow needles or small plates when a concentrated aqueous solution of 
nitrate of diazobromobenzol is treated with a'Q alcoholic solution of bromaniline.* This 
compound was obtained by me on a former occasion* by the action of nitrous acid upon 
alcoholic aniline. 

It needs no further proof that both methods furnish a product of identical properties. 

* Annalen der Chem. und Pharm. Bd. ozzi. p. 273. 

HDCCCLXIV. 5 A 
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The action of aniline upon nitrate of diazobromobenzol gives rise to diazobromo-amido- 
benzol, which not only has the same empirical composition as the diazobenzol-amido- 
bromobenzol(€i2 HjqBi N 3) (page 678), but resembles it in every other respect. It would, 
no doubt, be of interest to determine whether both compounds are identical or only 
isomeric. I’ must, however, defer answering this question till a future opportunity. 


JHaaoJyronwhenzoUamidohenzoic add. 

IG7H7NO2 J 

This body is obtained as a yellow crystalline precipitate on mixing, an aqueous solution 
of nitrate of diazobromobenzol and amidobeuzoic acid, according to the equation 

C,H3BrN,NH03+2G,H,N02={®« NHO3. 

7 7 2 

J V ) ■ ■ 








Nitrate of diazobromo- 
bonzol. 


Amidobonzoic Diazobromobenzol- 
acid. amidobenzol. 


Nitrate of amidoben- 
zoic acid. 


Recrystallized from ether it forms roundish lumps of small needles or platea In 
every other respect it is identical with diazobenzol-amidobenzoic acid. 


IMIDOGEN COMPOUNDS OF DIAZOBKOMOBENZOL. 


Diazohromohenzolimdey 




On mixing the yellow crystals of perbromide of diazobromobenzol with solution of 
ammonia, they are speedily converted into a yellowish oil, which, after a single distilla- 
tion with water, is obtained in an almost colourless condition. This oil is diazobromo- 
benzolimide in a perfectly pure state. 

If the temperature of the atmosphere be not too high, the oil usually solidifies after 
a short time. If this does not take place, artificial cold must be resorted to. Hie new 
compound is obtained for analysis by removing the water and drying over sulphuric acidl 

0*432 grm. of substance gave^ 0*6803 ‘grm. of carbonic ^acid and 0*0968 grm. of 
water. 

0*3213 grm. gave 63*8 cub. centims. of nitrogen at 0° C. and 760 millims. barom. 
pressure = 0*06704 grm. of this gas. 



Calculated. 


Found, 


. 72 

36*36 

.36*63 

H. 

4 

2*02 

2*46 

Br 

80 

40*40 


N, 

42 

21*22 

21*04 


W 

100*00 
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The formation of this compound is expressed bj tb Aollowing equation .'-o' 
Go HjBr Nj HBr3+4NH3=®' ^ 


Perbr^^e. 


DiazobromobenzoUmide. 


The quantity of diazobromobenzolimide and bromide of ammonium which is obtained 
from a given quantity of perbromide corresponds accurately with the theoretical pro- 
portions. 

0'8306 grm. of perbromide of diazobromobenzol, after decomposition with ammonia, 
gave with nitrate of silver 1'0946 grm. of bromide of silver, corresponding to 56*1 per 
cent, of bromine. 

According to the above equation, one equivalent of the perbromide gives rise to 
the production of three equivalents of bromide of ammonium ; the quantity of 
bromine capable of precipitation after the action of ammonia will therefore be 66 '6 
per cent. 

Diazobromobenzolimide presents itself generally as a white or slightly yellowish mass 
of small crystalline plates, which melt at about 2 O'* C. to a heavy oil. It is insoluble 
in water, rather difficultly soluble in alcohol, and easily soluble in ether and benzol. It 
distils readily in the presence of water ; heated alone it explodes feebly. Left exposed 
to the open air it appears gradually to volatilize, giving off tffe same aromatic ammo- 
niacal odour which characterizes diazobenzolimide. It resembles the latter, moreover, 
in its behaviour with various reagents ; caustic potassa, hydrochloric acid, and bromine 
have no action upon it, strong sulphuric and nitric acids decompose it readily. 

By the action of ethylamine, aniline, &c. upon perbromide of diazobromobenzol, 
corresponding substitution-compounds of diazobromobenzolimide are obtained. 

(^sHaBrNJ' 

solidify even when cooled much below 0® C. 


Ethyldiazobromobenzolimide, 


jN, forms a yellowish oil which does not 


Phenyldiazobromobenzolimide, 

crystals. 


(OeHaBrNjn 


N, is obtained in the form of orange 


REMAKES ON THE PRODUCTS OF DECOMPOSITION OP THE COMPOUNDS OF 

DIAZOBROMOBENZOL. 

The great similarity existing between the -properties of the diazobromobenzol-com- 
pounds and those of the corresponding abromous bodies, is likewise encountered in 
their products of decomposition obtained under similar circumstances; and I have 
therefore generally abstained from verifying the latter by analysis, having restricted 
myself to bringing forward analytical numbers in a few cases only. 

* On heating an aqueous solution of nitrate or hydrobromate of diazobromobenzol, 

6 a2 
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an evolution of nitrogen gas tikes place, bromophenylic acid (which separates as a 
brownish oil of the odour of creosote) being simultaneously produced. 

Gq H 3 Br Ng, H Br+Hg 0=Gq H 5 Br O+HBr+Ng. 

y 

Hydrobromate of diazo- Bromophenylic 

bromobenzol. acid. 

Ebullition of nitrate of diazobromobenzol with alcohol gives rise to the formation of 
bromobenzol, which distils over with the vapour of alcohol, a yellow acid (probably 
bromodinitrophenylic) being left behind. Ammonia forms a yellow body with the simul- 
taneous production of diazo-amidobromobenzol, which, owing to its greater solubility 
in alcohol, can be readily separated from the former. The formation of diazo-amido- 
bromobenzol takes plaee according to the formula 

2G6n.jBrN2 + NH3 = Ci^HgBrgNa + Ng. 

^ / ' 

Diazobromobenzol. Diazo-amidobromobenzol. 

Sulphate of diazobromobenzol, when heated with sulphuric acid, is converted into a 
sulpho-acid, which is most probably disulphobromophenylenic acid, Gg Hg Br, S 2 H 4 Og. 

Nascent hydrogen, generated by the action of zinc upon sulphuric acid, in the presence 
of an alcoholic solution of bromobenzolimide converts the latter into bromaniline and 
ammonia. 

Gg H 4 Br N 3 + 8 H= Gg Hg Br N + 2 H 3 N. 

Diazobromoben- Bromaniline. 

zolimide. 

When the addition of water no longer ^ves rise to a precipitate, indicating that the 
whole of the imide has been decomposed, the bromanUine is most easily isolated by 
evaporating the alcoholic solution on a water-bath, and distilling with caustic potassa. 

Bromaniline passes over in oily drops, which quickly solidify, and may be crystallized 
from alcohol in octahedra. These crystals, as well as the properties of the platinum- 
salt, prove it to be identical with the ordinary bromaniline. 

0*2684 grm. of the latter left on ignition 0*0661 grm. of platinum, corresponding 
to 26*5 per cent. 

GgHgBrN, HCl, PtCl 2 requires 26*1 per cent. 

By heating the platinum-salt of diazobenzol with carbonate of sodium, chlorobenzol 
was obtained; so in like manner by the action of heat on the platinum-salt of hydro- 
chlorate of diazobromobenzol, chlorobromobenzol is produced, according to the following 
equation 

G 6 H 3 BrN 2 , IICl, PtCl 2 =GgH 4 Br CH-Pt+Cl 2 +N 2 . 

V- V — 

Platinum-Bait of diazobromo- Cblorobro- 

benzol. mobenzol. 

By pressing the crystals which condense in the neck of the retort between filter 
paper, and after a second distillatk>n and crystallization from alcohol, they are obt^ed 
sufficiently pure for analysis. 

0*441 grm. of substance gave 0*6072 gi’m. of carbonic acid ^d 0*0832 grm. of water. 
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Xliese numbers lead to the formula €g H 4 Br Cl. 



Calculated. 


round. 

^6 

72 

37-60 

37-52 

H4 

4 

2-09 

2-10 

Br 

80 

41-77 


Cl 

36-5 

18-64 



191-6 

100-00 



Clilorobromobenzol is rather difficultly soluble in alcohol, readily so in ether, and 
crystallizes in white needles or plates from a hot saturated alcoholic solution on cooling, 
or by evaporation of the ethereal solution. The crystals possess a peculiar odour, 
resembling that of benzol. 

The double salt of dibromide of platinum and hydrobromate of diazobromobenzol is 
obtained in the form of ruby-red crystals, by mixing a tolerably concentrated aqueous 
solution of the diazo-salt with dibromide of platinum. This compound shows, as might 
be expected, a similar deportment. Like the previous platinum-salt, it breaks up 
according to the equation 

Cg H 3 Br Ng HBr, Pt Br 2 =Cg H 4 Br^+Brg+Na+Pt. 

Platinum-salt of the hydro- Dibromo- 

bromate of diazobromobenzol. benzol. 

Dibromobenzol is readily prepared also from the perbromide of diazobromobenzol 
by heating the latter alone*, or with carbonate of sodium, when it is decomposed 
according to the equation 

Gg H 3 Br N 2 HBr 3 =Gg H 4 Brg+Brg+Nj. 

Perbromide of diazo- Dibromobenzol. 
bromobenzol. 

A still more convenient method of preparing dibromobenzol consists in the decom- 
position of the perbromide with alcohol, which is completed after a few minutes’ boiling ; 
and if too much alcohol has not been employed, a large portibn of the dibromobenzol 
separates at once in the form of crystals. The remaining portion U precipitated on the 
addition of water, in the form of a thick oil, which soon solidifies to a crystalline mass. 
After washing with a little alcohol and pressing between bibulous paper, this mass, 
together with the crystals first precipitated, is subjected to distillation. Dibromobenzol 
distils over as an almost colourless oil, which speedily solidifies. 

Dibromobenzol resembles very much clilorobromobenzol in its various physical pro- 
perties. It crystallizes from ether m the form of rectangular prisms or small plates, 
which are frequently very regular and well formed^sometimes, however, agglomerated 
in various ways. It fuses at 89^ C. 

^ Only quantities znu^ be employed^ in order to prevent violent explosions* By beating the perbro^ 
nude in a long-neoked fla^ dibromobenzol condenses in the cold part of the vesseL 
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The properties of the dibromobenzol prepared in the manner just described pan 
leave no doubt that it is \dentical with the dibromobenzol described by Coupee, obtained 
by the action of bromine upon benzol. Although large quantities of dibromobenzol can 
be prepared by Coupee’s method with perhaps greater fecility, it is always difficult to 
obtain the dibromo- quite free from tribromo-benzol, which is simultaneously formed. 

The above method might be preferred in all cases when absolutely pure dibromo- 
benzol is required, as, for instance, for certain physical purposes — the more so, since it 
invariably yields theoretical quantities. The same may be said of several other deriva- 
tives of benzol and its homologues, which are obtained from diazo-compounds to be 
described hereafter. 

DIAZODIBROMOBENZOL COMPOUNDS. 

t 

Nitrate of Diazodibromohenzol, Cg Hg Brg Ng, NHO 3 . 

This compound is readily obtained by the action of a rapid current of nitrous acid 
upon an aqueous solution of nitrate of bromaniline containing free nitric acid. The 
liquid is allowed to evaporate spontaneously, the residue taken up with weak alcohol, 
and the new compound precipitated by means of ether. It can be recrystallized with- 
out loss from water or alcohol by evaporating the respective solutions below their boil- 
ing-points. Its aqueous solution remains remarkably constant. Continued boiling even 
for hours frequently leaves some of the substance undecomposed. 

Nitrate of diazodibromobenzol crystallizes in fine white prisms, or elongated hexa- 
gonal plates. It does not detonate with the same violence as the corresponding bodies 
previously described. 

Perhromide of Diazodilromobenzol, GgH2Br2N2, HBrg. 

This compound is formed by the addition of bromine-water to an aqueous solution of 
the nitrate of diazodibromobenzol, when it is precipitated in the form of fine long needles.' 
On boiling with alcohol, and the subsequent addition of water, an oily substance is 
thrown down which soon solidifies, and can be obtained perfectly pure by pressing the 
precipitate between bibulous paper, then distilling, and finally crystallizing from alcohol. 
Thus purified it presents itself in Ihe form of fine long silky needles. This substance 
is evidently tribromobenzol, presenting all the properties of that compound obtained 
.by the distillation of OgHgBrg with alkalies by XiASSAIGNE*. 

Platinumraalt of the Hydrochlorate of IXazodibromohenml^ Cg H 2 Brj N 2 , HCl, Pt CI 2 . 

It separates in small orange oval plates, which are difficultly soluble in water, on adding 
dichloride of platinum to the hydrochlorate. 

0’722 grm. gave 0*154 grm. o^platinum: 

G 6 ® 2 Br 2 N 2 » Ha, PtClg. 

Calculated. Found. 

. 21*08 per cent. 21*38 

• Rev. Sclent. voL v. p. 360 . 


Platinum 
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IHazodibroTimheiizolimidei |«N. 

This compound is easily obtained in crystals by mixing the perbromide, 

CeIl2 Br2N2, HBrg, 


with ammonia. Bepeated recrystallization from hot alcohol yields it in the form of 
white needles, which fuse at 62® C., and which detonate slightly at a higher temperature. 
It is very little soluble in water, more soluble in hot alcohol, and very readily so in ether. 


DIAZOCHLOllOBENZOL COMPOUNDS. 

Perfect analogy exists between these bodies, as well as between the diazodichlo- 
robenzol compounds, and the compounds I have just described, with regard not only to 
the modes of preparation from chlorine and dichloraniline, but also in respect to their 
various physical properties. I therefore abstain from entering into a minute description,, 
and will simply enumerate some few experiments, which I hope will satisfactorily prove 
their great similarity. 

Nitrate of JHazochlorohenzol, G 6 H 3 CIN 2 , NHO 3 . 

This substance crystallizes in small white plates, which yield on boiling with water 
chlorophenylic acid in the foim of a brownish oil possessing the odour of creosote. 

Perbromide of Piazochlorohenzol, Cg H 3 Cl N 2 , HBr 3 , 

forms yellow columns which are decomposed in boiling alcohol with formation of 
bromochlorobenzol, the composition of which is thus expressed, GgH 4 ClBr*. 

0’2005 grm. of the perbromide was decomposed with ammonia, and when precipitated 
with nitrate of silver gave 0*2952 grm. of bromide of silver. 

Cg H 3 Cl N 2 , IIBr 3 . 

. Calculated. Found. 

Bromine .... 63*24 62*64 

* 

Platinum-salt of the Hydrochlorate of Hiazochlorchenzol^ Gg H 3 Cl N 2 , IICl, Pt Cl 2 » 

forms fine yellow needles. On heating with carbonate of sodium it yields dichloro- 
benzol, which is obtained, according as it crystallizes slowly or rapidly, in long fine 
needles, or in elongated four-sided plates, possessing the same peculiar aromatic odour 
as the dibromobenzol. 

IHazoohhrolmzolimde, 

* I leave it undoddM whetiier tto bromochlorobenzol thus obtained is identical with the body described on 
page 702 as derived from CgHgBrN^, HQ, FtCl 2 , and possessing the same elementary composition. 6om$ 
observations, which shall be fully described when treating of the products of decomposition of diazonitrobenio), 
do not favour the view of tiieir identity'. 
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IHazochliyrobenzoli €«H 5 »C 1 N,, is obtained as a highly explosive lemon-yellow 
precipitate. 

DIAZODICHLOROBENZOL COMPOUNDS. 

Nitrate of diaaodichUyrohenzol presents itself in the form of white plates. The per- 
bromide, Og Clg Ng, HBrg, which is formed by the action of bromine-water, crystallizes 
in yellow prisms ; the platinum-salt in small, beautiful, yellow, very brilliant plates. 
0*3975 grm. of the latter compound gave 0*1015 grm. of platinum. 

(Cfi Hg Clg Ng, Ha, PtClg). 

• Calculated. Found. 

Platinum .... 26*01 per cent. 25*54. 

% 

DIAZOIODOBENZOL COMPOUNDS. 

It will suffice if I give likewise only a short outline of these bodies, owing to the 
great resemblance which usually exists between them and the compounds of diazobro- 
mtfbenzol, both in regard to their preparation and chemical deportment, and also with 
respect to their physical properties. 

Nitrate of Diazoiodohenzol, CgHgINg, NHO3, 

is prepared from nitrate of iodaniline, precisely like the corresponding bromo-com- 
pound, and crystallizes in white needles or prisms, which are exceedingly soluble in 
water. 

Sulphate of Diazoiodobenzol, Cg H3 INg, SHg O4, 

crystallizes in small plates, which are easily soluble in water, difficultly so in alcohol. 
0*5665 grm. of substance gave 0*4025 grm. of sulphate of barium. 




Calculated. 

Found. 

C 0 H 3 IN 2 

230 

70*12 



98 

29*88 

29*92 


3^ 

10000 



Perbroniide of Niazoiodobenzol, 

forms small lemon-yellow slender plates. 

0*4395 grm. of substance, decomposed with solution of ammonia, gave 0*526 grm. of 
bromide of silver. 

GgH 3 lNg, HBrg. 

Calculated. Found. 

Bromine . . . . 50*95 per cent. *60*83 

On boiling this compound with alqphol it yields bromoiodobenzo^Og H 4 Br I, which 
crystallizes from ether or alcohol in large white plates, which are volatile without 
decomposition. 
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0*463 gnn. of bromoiodobenzol gave 0*4082 grm. carbonic acid and 0*0612 grm. water. 



'Calculated. 

Eotind. 


72 

26*4^ 

24-68 

H. 

4 

1*41 

1*60 

Br 

80 

28*27 


I 

m 

283 

14-88 

100-00 



Platinumrsalt of the Hydrochlwate of Diazoiodohenzoly OgHjINg, HCl, PtClg, 
forms small bright yellow clusters of needles. 


J)i(utoiodohenaolimidey 


(GeH^INJ^ 


forms yellowish-white crystals, which are readily fusible, and pass over on distilling 
with water as a yellowish oil, soon solidifying. This likewise is of a peculiar aromatic 
ammoniacal odour. 


JHazmodohenzoly Gg Hg INg, 
is obtained as«a yellow explosive precipitate. 


DIAZONITEOBENZOL COMPOUNDS. 

The remarkable isomerism observed between « and /3 nitraniline, and hitherto left 
unexplained by any chemical theory, likewise extends, as I have shown upon a former 
occasion, to the double compounds which I have described as a and |3 Diazo-amidonitro- 
benzol. This isomerism, however, is somewhat less striking, since these bodies retain 
one-half the nitraniline required for their formation in the original condition, as will be 
clearly seen on examining the rational formula 

fGeH3(NO,)N, 1 
tGeH,(N 03 )H 3 N/ 

which I assign to these bodies. The simple diazo-compounds derived from these isomeric 
nitranilines cannot, however, be viewed similarly, and it was impossible therefore to 
decide (I pioH the question of their isomerism. The experiments presently to be 
described nevertheless leave no doubt that a similar isomerism exists between the 
several members of both series, and that, although of identical composition, differences 
in their physical properties become manifest, which are as striking as those observed 
between the original bases.' 


6i 


MDCCCLZIV, 
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M I>\m(mxtroheiml convpcmda*. 

ISitrcde df Ikazonitrohenzoly Cg (NG^) Nj HNO3. 

The preparation of this compound by the action of nitrous acid upon « nitraniline 
differs in no way from that of the analogous bodies already referred to. By gradually 
adding ether to its alcoholic solution till crystallization commences, it is obtained in 
fine long needles, which, however, do not exhibit any distinct form of crystallization. 

This compound, like all the rest of the like bodies, is very readily soluble in water, 
more difficultly so in alcohol, and insoluble in ether, and explodes with the same 
violence on heating. 

Perbromide of a JHazmitrobenzolt €5 H 3 (NOj) N 2 , HBr 3 . 

On mixing an aqueous solution of the former compound Muth bromine-water, this 
new body is speedily thrown down in slender orange prisms, which are almost insoluble 
in water, and scarcely soluble in ether. They dissolve, however, readily in warm alcohol, 
from which they are deposited, on cooling, in well-defined crystals. 

Platinum-salt of the Ilydrochlorate of cc Piazonitrobenzol^ Gg H 3 (NOg) Ng, HCl, Pt Clg. 

On the addition of chloride of platinum to a hot aqueous solution of the hydrochlorate 
of diazonitrobenzol, this double salt, which crystallizes in long yellbw needles, is 
precipitated. On recrystallizing it from boiling water, in which it is soluble (although* 
difficultly), the crystals are obtained as prisms, frequently very well formed. 


a Diazonitrobenzolimide^ 




This compound is prepared by the action of ammonia upon perbromide of a diazo- 
nitrobenzol. By repeated recrystallization from alcohol it may be obtained in a 
perfectly pure state in the form of very brilliant yellow, rounded plates, which are so 
soluble in hot alcohol that a magma of crystals separates on cooling from a saturated 
solution. The crystals dissolve as readily in ether. In boiling water they fuse, pro- 
ducing a yellow oil but slightly soluble in water, the portion dissolved yields very 
fine, almost white crystals on cooling. The fusing-point of the crystals obtained by 
recrystallization from alcohol was found to be 71® C. The substance explodes when 
heated a little above the fusing-point. 

()'3392 grm. of substance gave 0*548 grm. of carbonic acid and 0*805 grm. of water. 


* The £t nitraniline employed for these experiments was obtained aceording to Abppe’s method, by the 
action of alkaline liquids upon nitrated anilides. 

The p nitraniline was prepared according to HoricAim and Muspbati’s method, from dinitrobenzol by the 
reduction with sulphuretted hydrogen. * 
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Caloolated. 

Found. 

^6 

72 

43-90* 

4*4:06 

H4 

4 

2-44 

2-64 

•N, 

56 

34-16 

— 

O2 

32 

19-61 

— 


lU 

100-00 



/3 Dmzonitrohenzol conipomds. 

Nitrate of ^ Diazonitrohmzol, GgH3(N02)N2, HNO3, 

is obtained from the nitrate of /3 nitraniline. The |3 does not differ much from the 
corresponding a compound in solubility ; they however exhibit perceptible differences in 
the forms of their crystals, which* in the /3 compound are columns, frequently approach- 
ing the cubical form, whilst the crystals of the nitrate of « diazonitrobenzol are long 
needles of a somewhat unpronounced character. 

Perihromide of IHazonitrobenzol^ CgH3(N02)N2, HBr3. 

On treating an aqueous solution of the nitrate of /3 diazonitrobenzol with bromine- 
water the new compound is thrown down generally as an oil, which soon solidifies. 

^ It forms small plates or prisms of an orange colour, which seem to differ from the 
crystals of the a compound by their want of stability when treated with warm alcohol, 
and which I have scarcely ever been able to recrystallize. I have obtained the per- 
bromide of /3 diazonitrobenzol also by the action of bromine upon /3 diazo-amidonitro- 
benzol by sfispending the latter in water and adding bromine till the whole is converted 
into a heavy broT;mish-red oil. The supernatant aqueous mother-liquor is decanted and 
the excess of bromine allowed to evaporate spontaneously, when the' oil solidifies to a 
crystalline mass. 

Before, however, complete solidification occurs, thick yellowish-red prisms are fre- 
quently seen to shoot out, of about an inch in length, which consist of almost pure 
perbromide containing mere traces of tribromnitraniline, a body which forms in the 
reaction to nearly the same extent, as will be seen from the following equation : — 

G,2 Hj, (N 02)2 N^+8Br=€, H3 (NO2) N2, HBr^^^ H3 (NO2) Br3 N+2HBr. 

diazoamidotribonzol. (3 perbromide. Tribromnitraniline. 

The adhering tribromnitraniline* can be removed by washing the finely pulverized 

crystals with ether, in which the perbromide is almost insoluble. 

• 

* In order to obtain the tribromnitraniline in a pure state the ethereal solution is evaporated to dryness, and 
the residue dissolved by warm alcohd. Water is then added to the alcoholic sdution till it becomes milky and 
deposits crystals. These are thrown upon a filter, and then pressed between sheets of filter paper, in order to 
remove any adhering bromonitrobeniol, and purified fhrther by recrystallization from weak alcohol. Tribrom- 
nitraniliue crystallizes in small, "sHglitly yellowish plates, whidi cannot bo sublimed withoift deoompositioit. 
The analysis of this compound will be found in another place. 

6b2 
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If no crystals are formed after the bromine has evaporated in the manner described, 
but only a crystalline mass of perbromide and tribromaniline, the latter is pressed 
between bibulous paper, and then washed with ether in order to separate the two 
compounds. This, however, cannot be done without incurring a considerable loss of 
perbromide, since by the action of the ether it is partly converted into the nitrobromo- 
benzoL Thus prepared it gave on analysis the following results : — 

0*548 grm. g^ve 0*3895 grm. of carbonic acid and 0*0565 gnu. of water. 

0*363 grm. gave, on ignition with lime, 0*5275 grm. of bromide of silver. 



Theory. 


Experiment. 


72 

18*4^ 

19*38 

H 4 

4 

1*03 

1*14 

N 3 

42 

10*77 

4 . 

Brg 

O2 

240 

32 

•390 

61*54 

8*20 

100*00 

61*85 


Platinumrsalt of the Hydrochlorate of ^ JDiazonitrohenzoly CgH 3 (N 02 )N 2 , HCl, PtC^* 

This compound crystallizes likewise in needles or prisms resembling much the crystals 
of the ct compound. 

0*847%rm. left, on ignition with carbonate of sodium, 0*236 grm. of platinum =27*86^ 
per cent. 

Og H 3 (NG 2 ) N 2 , Ha, Pt CI 2 . 

Calculated. Found. 

Platinum .... 27*79 per cent. 27*86 

/3 Diazmitrobenzolimide, (€g H 3 (NO 2 ) ^27')^ 

differs from the a compound by crystallizing invariably in orange^^dloured needles which 
fuse at 52'^ C., and consequently much below the fusing-point of the » compoimd. It 
is likewise somewhat soluble in hot water, from which it crystallizes on cooling in 
whitish needles, which closely resemble those of the u diazonitrobenzolimide recrystal- 
lized also ffrom hot water. It somewhat possesses the odour of nitrobenzol. 

0*4317 grm. of substance gave 0*6927 grm. of carbonic acid and 0*1008 grm. of water. 



Calculated. 


Found 

4r 

72 

43*9& 

43*76 

H. 

4 

2*44 

2*59 


56 

34*16 

— 


82 

164 

19*51 

100*00 
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ON THE PEODUCTS OF DECOMPOSITION OF THE DIAEONTTEOBENZOL COMPOUNDS. 

These sabstances, as far as my observations go, are decomposed under the influence 
of reagents like the other diazobenzol compounds; and their transformations may be 
expressed by corresponding equations. The nature of their products of decomposition 
may in fact be safely predicted beforehand, as the same isomerism which characterizes the 
compounds already described is observable. It appeared of sufficient interest to trace them 
somewhat more fully. 1 could not have given the comparative history of the products 
of decomposition, however, without deviating too far from the main direction of this 
investigation, and I must therefore reserve for a future opportunity a more intimate 
acquaintance with these interesting bodies. A few illustrations "will show how promising 
a harvest of interesting results may be expected from such an investigation. One 
peculiar fact deserves mention l;ere. 1 had taken it for granted that the same relations 
would be exhibited between the isomeric diazonitrobenzol compounds and the isomeric 
adds of the formula Cg Hg (NOg) 0 (the nitrocarbolic acid of Hofmann and the isonitro- 
carbolic acid of Fbitschb) as that observed between the compounds of diazobenzol and 
carbolic acid, and 'that their deportment would be represented by the formula 

€g Hg (NO 2 ) N 2 , NHO 3 +H 2 0 =€g Hg (N02)0+NH93 +Nj. 

^ V ^ ^ ‘ , V ^ 

a-/3 Nitrate of diazonitro- <1-/3 Nitrocarbolic 

benzol. acid. 

The assumption has not been verified. On boiling these diazonitrobenzol obmpoimds 
with water, they are certainly decomposed, after some time, with evolution of nitrogen 
gas, but neither the u nor /S compound furnishes under these circumstances either of 
the well-known phenylic substitutes. In both cases a brownish and easily fusible sub- 
stance is obtained, which readily dissolves in alcohol and ether, but which can in no 
manner be made to crystallize. I have not ascertained whether this substance deports 
itself differently according to its origin (from the « or/3 compound), nor have I analyzed 
it, but I presume that, judging from the progress of its folrmation, and also from the 
weak acid properties it exhibits (dissolving in potassa and being reprecipitated by hydro- 
chloric acid), its composition is probably represented by the formula 

€gHg(N 03 ) 0 . 

On heating an alcoholic solution of the perbromide of a diazonitrobenzol, it is readily 
decomposed according to the equation 

Og H3 (NGj) Nj, HBr^=€g Hg (^OJBr-j-Ng-f-Brg. 

^ y ^ ^ 

« perbromide. BronunutrobenioL 

A jK>rtion of the bromonitrobenzol formed in this manner separates in crystals < 
cooling, provided the amount of alcohol employed has not been too large; the rest 
precipitated on the addition of water. The crystals are purified by pressure between 
filter paper and distillation, when they pass over as a slightly yellowish oil, which soon 
“Udifies to a crystalline mass. The bromonitrobenzol thus prepared difficultly soluble 
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in cold, readily in hot alcohol and ether. It crystallizes firom these solvents in long 
almost white needles, which fuse ut 126° C., and which possess the odour of nitrobenzol. 
A bromine-determination gave the following results : — 

0*3365 gnn. was ignited with lime and gave 0*317 grm. of bromide of silver. 

€« H 4 (NOj) Br. 

Calculated. Found. 

Bromine .... 39*61 per cent. 40*19 

If the perbromide of /3 diazonitrobenzol is decomposed in a similar manner with 
boiling alcohol, and the solid product of decomposition which forms purified as described 
before, a compound is obtained to which the formula 0 gH 4 (N 02 )Br must likewise be 
assigned, which, however, differs greatly in its physical appearance and properties from 
"the former bromonitrobenzol. It crystallizes from alcohol and ether, in which it seems 
to be more easily soluble, in the form of well-made, slightly yellowish, qr almost white 
rhombic prisms, sometimes also in plates, and fuses at 66 ° C., or 70° below the fusing- 
point of the bromonitrobenzol derived from the « compound. The analysis of this body 
gave the following results : — 

0*2745 grm. of substance gave 0*361 grm. of carbonic acid and 0*0535 grm. of water. 

0*3365 grm. of substance gave, on ignition with caustic lime, 0*3146 grm. o*f bromide 
of silver. 



Calculated. 


Found. 

^6 

72 

35*64 

35*87 

H4 

4 

1*98 

2*16 

Br 

80 

39*61 

39*77 

N 

14 

• 6*93 


O 2 

32 

15*84 




100-00 



The existence of these b|t)monitrobenzols suggests the question whether one of them 
be not identical with the bromonitrobenzol prepared by Couper by the action of 
fuming nitric acid upon bromobenzol. Couper’s description of this body appeared to 
me scarcely conclusive of its nature ; and in order to decide this question I have treated 
bromobenzol, prepared from coal-tar naphtha, with fuming nitric acid, and have com- 
pared the perfectly pure product, after repeated recrystallizations from alcohol, with the 
bromonitrobenzols prepared by my method. The striking coincidence between the 
crystalline form of Coupbr’s compound and of the bromonitrobenzol corresponding to 
the ct nitraniline, vvhich 1 will now dRl a bromonitrobenzol, became at once perceptible ; 
and since both compounds crystallize in white needles that could by no means be 
distinguished from one another, I felt justified in coming to the conclusion that, both 
are identical. In order, however, to make quite sure I have also determined the fusing- 
point of the respective compounds, and have found it uniformly at 120'° G.* 

* Corrmi states (Ann. de Ghim . et de Fhys. [3] vol. lii. p. 309) that his compound fitsed below This 

is evidently ffirroneons. 
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They are acted upon in a like manner by various reagents. When reduced in alcoholic 
solutions by sulphide of ammonium, they are both converted into bromaniline, which crys- 
tallizes in octahedra, and proves itself to be completely identical with that obtained 
from bromisatine or bromacetanilid by distillation with potash. Very different from 
this is the deportment of bromonitrobenzol (j3 bromonitrobenzol) prepared from perbro- 
mide of /3 diazonitrobenzol. On treating this compound with sulphide of ammonium, it 
is certainly also converted into bromaniline, but this base differs greatly from the above- 
described bromanUine. Ordinary bromaniline (which 1 would now designate as a brom- 
aniline) crystallizes, as is well known, in octahedra which fuse at 57° C. The new 
base, however (the /3 bromaniline), forms an oil which does not solidify even in winter. 
The chemical deportment of both compounds is the same ; they form, under like condi- 
tions, a series of derivatives which are of the same composition, and differ only in their 
physical properties. 

In order to establish the composition of the /3 bromaniline experimentally, I have 
analyzed the hydrochlorate and its' platinum-salt. The hydrochlorate of j3 hrmmniline 
forms white, nacreous, brilliant plates, which are readily soluble in water and alcohol, 
and which are rapidly coloured red when exposed to the air. 

0*2605*grm. of substance gave 0T76 grm. of chloride of silver. 

GgHfiBrN, HCl. 

Calculated. Found. 

Chlorine .... 17*02 per cent. 16*71 

The Platimmrsalt of the Hydrochlorate of ^ Bromaniline^ Cg Hg Br N, HCl, Pt Cl 2 , 

crystallizes in yellow, often well-formed prisms, which are far more soluble in watei 
than the slender highly lustrous plates of the platinum-salt of « bromaniline. 

0*3736 grm. gave 0*097 grm. of platinum. 

CgHgBrN,HCl,PtCl 2 . 

Calculated. Found. 

Platinum .... 26*12 per cent. 26*97 

I need scarcely state that nitrochlorohenzol compounds corresponding to « and j3 nitro- 

bromobenzol can readily be obtained by submitting the platinum-salts of a and /3 diazo- 
nitrobenzol to distillation with carbonate of sodium. These two bodies differ likewise 
most characteristically; a nitrochlorohenzol crystaUizes* invariably in long, almost white 
needles which fuse at 83° C., whilst /3 nitrochlorohenzol crystallizes from its ethereal 
solution in thick columns which fuse at 46® C. The former is converted by sulphide of 
ammonium into the ordinary (a) chloraniline, the latter into a new base (f) chloraniline), 
which is distinguished by its remaining an oil at the common temperature. The plati- 
num-salt presents itself in the form of yellow crystals, which differ likewise considerably 
in fox^n solubility from the smaU slender plates of the platinum-salt of « bromaxn^e. 
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It may, 1 think, be safely deduced from these facts that two distinctly different series of 
compounds are obtained by the substitution of two atoms of hydrogen in benzol by two 
different elements, or groups of atoms, according as this substitution is accomplished, 
and that these two series differ most distinctly in their physical properties, although their 
chemical composition is the same. The great differences between the fusing-points 
form one of the most important means of distinction between the members of the two 
series. The fusing-points of series a. lie considerably higher than those of the /3 series ; 
sometimes a difference of 70^ C. is observable, as will be seen by the accompanying Table. 



c Series. 

(i Series. 

Bromonitrobenzol* . . 

. 126° C. 

66 “ C. 

Chloronitrobenzol . . 

. 83° C. 

46“ C. 

Nitraniline 

. i4rc. 

108° C. 

Bromaniline .... 

. 67“ C. 

Liquid at the ordinary temperature. 

Chloraniline .... 

• • • • 

Liquid at the ordinary temperature. 

Diazo-amidonitrobenzol 

. 245“ C. 

196“ C. 

Diazonitrobenzolimide . 

. 7r C. 

63“ C. 


The compounds to which the experiments just described gave rise belonged exclu- 
sively to the aniline group. Now there could be little doubt that the homologues of 
aniline, and the similarly constituted bases, migh tbe also converted into diazo-com- 
pounds. This I have confirmed by experiment, the more readily since it was to be 
foreseen that the decomposition of some of these compounds would give rise to the 
formation of certain bodies which could not have been obtained by the ordinary 
methods, e, g, naphtylic alcohol, the existence of which, however, could not be doubted 
for a moment. 


DIAZOTOLXJOL COMPOUNDS. 

These compounds exhibit considerable analogy with regard to preparation, solubility, 
and many other properties to the corresponding aniline derivatives. They seem, how-' 
ever, to be somewhat more constant, and to crystallize more readily. 

Nitrate of Niazotoluoli OyHgN^, NHO 3 . 

This substance is best prepared by the action of nitrous acid upon an aqueous solution 
of nitrate of toluidine, but it ^n ^o be obtained from diazo-amidotoluol. It forms 
lopg white needles, which are decomposed on boiling with Water, according to the follow- 
ing equation : — 

He Na, NHQ^ -|-H 20 =s€y Hg 0-f NHO 3 -hN^. 

Nitrate of diazotoluol. Creeyl- 

aloohol. 

The other compounds are readily obtained from the nitrate in the ordinary manner. 
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Sulphate of Diaaotolml, €7 Hg Ng, SH2 O4, 

is obtained in brilliant needles, plates, or prisms, according to the circumstances 
under which it crystallizes. On heating with sulphuric acid in the manner described 
when speaking of the sulphate of diazobenzol, it is converted into a sulpho-acid. 

The barium-salt of this acid crystaHizes in long white needles, and is disulpho- 
toluylenate of barium, which, according to the subjoined analysis, has the formula 
O 7 Hg §2 Ba 2 O 7 . 

0*630 grm. dried at 140® gave 0*276 grm. of sulphate of barium. 

O7 Hg S2 Ba2 O7 . 

Calculated. Found. 

Barium .... 33*99 per cent. 33*74 

Perbromide of JHazotolml, € 7 HgN 2 , HBr, Brg, 

is thrown down as a yellow oil, which, after evaporation of the excess of bromine, soli- 
difies to a crystalline mass. 

Platinwmrsalt of the Hydrochlcyrate of Biazotoluol,, € 7 HgN 2 , HClPtCl 2 , 

» 

is precipitated firom a dilute solution of the hydrochlorate of diazotoluol by means of 
bichloride of platinum, and forms fine yellow prisms. When ignited with soda It yields 
an aromatic oil, chlorotoluol (Gj Hy Cl). It remains to be seen whether this oil be 
identical, or only isomeric with the chlorobenzyl discovered by Canizzabo. 

0*360 grm. of substance gave 0*6766 grm. of carbonic acid and 0*1316 grm. of water. 
0*6306 grm. gave, on igmtion with carbonate of sodium, 0*1926 gfim. of platinum. 



Calculated. 

A 

Found. 

^7 

84 

26*9i 

26*20 

H; 

7 

2*16 

2*43 

N 2 

28 

8*63 


a. 

106*6 

32*86 


pt 

98*7 

30*44 

80^3 


324*2 

100*00 



Biazotolml^midobenzol, 

’(CgHgCHjN), 

This body is obtained by the action of aniline upon nitiate of diazotoluol. It crystal- 
lizes in beautiful long yellow ^eedles. 

DIAZONTTRANISOL COMPOXnSTDS. 

These compounds are nearly related to the diazonitrobenzol-<jpmpounds, both with 
regard to physical properties and their deportment with reagents. They are prepared 
also in a manner, and it is only necessary therefore to refer respecting thdr 

preparation to these an^ogous bodies. 

ICDOCOLZiy. C 0 
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Nitrate^ of JMazcmtramsoir (NO^) NH 93 , 

is obtained from nitrate of. nitranisol. It separates from an alcoholic solution on the 
addition of ether, forming small white plates, which are difficultljr decomposed on 
heating with water, giving rise to the formation of a brownish>ved substance. 

Ptr^Ofumde of Diazonitranisott 0^ BTg (N' 02 ) ^^2 » 

forms small yellow plates, which, on boiling with alcohol, furnish bromonitrankol 
(^7 Hg(N 02 )Br), crystallizing in light*yellow opake needles,, which may be sublimed, 
and possess the odour of nitrobenzol. 

crystallizes in light-yellow needles, and possesses the odour of bitter almonds. 

PlaUntm-salt of the Hydrochlorate of IHazonitranieolt (NOg) Ng G, HCl, Ft Clg. 

When precipitated from a moderately concentrated solution, it forms a yellow powder, 

« 

which under the microscope is found to consist of fine needles. . Eecrystallized from 
boiling water,, it is obtained in. orangeneed, well-formedvpiismSi On heating witih carbo- 
nate of sodium chloronitranisol (€ 7 .Hq^(NG 2 ) Cl G) distils over, which crystallizes in fine,, 
almost white needles., 

0*8795; grm. of the platinumrsalt gave 0*222 grm. of platinum. 

Gy Ha tNOgI NgO, HGl, Ft Clg. 

GalOulated. Foondt 

Platinum^ . . . . 25*62 per cent. 25*24 

DIAZONAPHTOE COMPOUNDS. 

Nitrate of BiazonaphtOl, OjoHgNg, NHG3, 

is prepared by the action of nitrous aoid on moist nitrate of napthalidine (amido- 
naphtol); an amorphous reddish-brown substance* is formed’ at the same time, which 
must be separated by filtra^on when the reaction is oyer. As^ nitrate of diazonaphtol 
is not precipitated from its aqueous solution by alccrholi and ether, it is not so easily 
obtained in a solid state as the corresponding bodies previously described ; if, however, 
its aqueous solution be allowed to evaporate spontaneou^jr ill a shallow vessel, long 
white needles are formed, wluch are very soluble in water and alcohol, and likewise 
vely explosive. * 

Perhromide of Piazmaj^htol, Gjg HBr 3 , 

is obtained in the form of orange crystals by the action of bromine-water upon the crude 
solution of the nitrate. ♦ 

PlaUimimetlt of i^'EydfoMrrate of Gj© Hg Ngj Hdj Pt'Clg, 

forms tmncatbd, yellbwish crysttiE, which are ahnostlnsolfible in water,' alcibhol, aiid ether. 

g Probably impure nitrate of di|sonapbtol-ami(lbnaphtll. 
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1*0666 grm. of sub8jl»9<^ gp.v« 0'2S87 gpi% pf platinum. 

OioH,Nj,Ha,PtCla. 

Cakolated. Found. 

^Platinum . . . 27*40 eent. 27*33 

JDiaz(ymphtoUrmde^^^^^^^^^^i 

passes over as a yellowish-coloured oil (which becomes brown when exposed to the air) 
by distilling with water the substance obtained by the action of ammonia upon the per- 
bromide. It possesses somewhat the odour of naphtalina 

OBSERVATIONS ON THE PRODUCTS OF DECOMPOSITION OP THE DIAEONAPHTOL 

COMPOUNDS. 

After being convinced that the products of decomposition of the diazonaphtol com- 
pounds so much resembled those of the other diazo-bodies, I coul^ not entertain for a 
moment the intention of pursuing their study in all directions, especially since known 
bodies would frequently have formed the subject of such study. The decomposition of 
the perbromide, for instance, by means of alcohol gives rise to the formation of bromo- 
naphtaline, that of the platinum-salt when ignited with carbonate of sodium to the 
formation of chlomaphtaline. I thought it, however, of sufficient importance to ascer- 
tain whether nitrate of diazonaphtol would split up according to the equation 

€io Ng, NHO3+H2 O=€,o Hg O+N2+NHO3, 

since the* possibility of obtaining the long-sought-for naphtyl-alcohol presented itself. 
On boiling the solution of the nitrate of diazonaphtol, an immediate evolution of gas 
takes place, and a viscid violet-brown mass separates which remains on the filter when 
the solution is filtered hot. 

The filtrate deposits generally small white plates, retaining, however, a portion of 
the substance dissolved, which can be recovered by shaking the aqueous solution with 
ether. On evaporating the ether it remains behind as a violet-coloured oil which 
quickly solidifies. This latter, as well as the plates first deposited, is in fact almost 
pure naphtyl-alcohol, whilst the violet-brown mass on the ffiter contains, besides naphtyl- 
alcohol, a considerable quantity of a reddish-brown body. In order to purify the 
naphtyl-alcohol, the united portions are treated with a%old solution of potassa, the 
residuary bibwn-red body* is filtered ofi^ and the filtrate treated with acetic acid as 
long as precipitation ensues. . Naphtyl-alcohol separates first as an oil, soon solidifying 
to a network of small plates, which are still somewhat violet-coloured. They are thrown 
on a filter, washed with cold water (which removes the ihother-li^uor), and then submitted 
to distillation. . • 

* This body is soluble in alcohol, to which it imparts a blood-red cdour. On concentrating the alcoholic 
solution, reddish-brown indistinct ozystals are deposited, which, on rubbing, acquire a green metallic lustre. 

6 c 2 
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This process must be repeated until the mass of crystals, which is inTariably found 
deposited in the condensing-tube, is quite white, and fuses, on heating, to a limpid oil. 
This body gave on analysis the following results 
0*2003 grm. of substance gave 0*6133iggrm. of carbonic acid and 0'l947 grm. of water. 

Calculated. 

_s A.. 

felo 1.20 83*33 

Hg 8 6*66 

0 16 11*11 

144 100*00 

Naphtyl-alcohol crystallizes in small white shining plates, losing at Ol** C. to a colour- 
less, highly refractive oil which may be volatilized without decomposition. It is but 
slightly soluble in water, readily soluble in alcohol, ether, and benzol. When inflamed 
it bums with a thick smoky flame. Its formation and its physical properties prove its 
relationship with phenylic alcohol ; it possesses a similar burning taste, and a creosote- 
like odour somewhat resembling that of naphtaline. The relation between it and phe- 
nylic alcohol is likewise indicated by its chemical deportment. It stands on the same 
narrow boundary line between acid and alcohol ; and naphtyl-alcohol may, in like manner 
with phenol, be classified with alcohols or with acids. The strong bases form with the new 
alcohol (acid) a series of ^alts which are as unstable* as those of phenylic acid, and are 
mostly decomposed eveq-by the carbonic acid of the air. The potassium- or sodium-salt 
may also be obtained Vy the action of the respective metals upon the fused naphtylic 
acid with evolution of hydrogen. In both cases a crystalline saline n^ass is obtained 
which dissolves in water and alcohol Basic acetate of lead produces in a solution of 
naphtyl-alcohol a white voluminous precipitate. An ammoniacal silver solution is 
decomposed, metallic silver being deposited. Nitric acid of sp. gr. 1*4 dissolves naphtyl- 
alcohol in the cold with evolution of red fumes. If the solution be boiled for some time 
and water added, a diflicultly-soluble yellow acid precipitates, whilst a second readily- 
soiuble acid is deposited in yellow crystals on evaporating the mother-liquor. The latter 
appears to be*the picric acid of the naphtyl group. By treating the aqueous solution of 
naphtyl-alcohol with bromine-water, it deposits bromonaphtylic acid in thg form of an 
oil which speedily crystallizes. 


.Found, 

83*67 

6*81 


Many of the experiments described here and in the previous part of tliis investiga- 
tion, have been made in the laboratories of the Boyal College of Chemistry, London, 
and the University of Marburg; and it gives me j^at pleasure to express my sincere 
thanks to Professors and KdLBS for the kind manner in which the laborato- 

ries of thsne institutions have been placed at my disposfd, 
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All the diazo-compounds which have fonned the subject of Parts 1. and II. of this 
inquiry are derived from monoamido-compounds. If the composition of the latter be 
again expressed by the general formula (NH3)" O, (se« page 667 ), it is at once 

perceived that the process of formation of the diazo-compdtinds is similar .to the reaction 
which takes place by the action of nitrous acid on ammonia : 


I. 

II. 


V ^ ^ ^ 


Monoamido-compound. 


Diazo-ompoond. 


(NH 3 )" + NH 0 j=(N 3 y' + 2H,0. 

Ammonia. Nitrogen. 


By viewing the diamido-compounds in like manner as represented by the geneM 
formula (NH3)2'', it is evident that the action of nitrous acid may give rise 

to two decompositions: 


I- C. Ho,.,, (Nfij)? 0.+NHO3=e. (NH3)" (N,)* 0.+2H3 O. 

n. e. (NHj);' o,+ 2 NH 03 =e. (n^o. + 4Hj ©. 


The hydrogen contained in one atom of ammonia can thus be replaced by nitrogen, 
or both atoms of ammonia present in the original compound may be replaced ;by nitro- 
gen, giving rise to a tetrazo^compound. 

Although this theory has not been fully confirmed by the action (presently to be 
described) that nitrous acid exerts on benzidine, since an intermediate compound 
according to equation I. could not be obtained, it is nevertheless highly probable that 
nitrogenous compounds in accordance with equation I. exist, and that further experi- 
ments with other diamido-compounds will confirm this idew. 


Action of Nitrous Acid v^on Benzidine* 

Benzidine, which Zinin, its original discoverer, expressed by the formula 

has been found, on further investi^tion by P. W. Hofmann, to have double the atomic 
weight first assigned to it, and to be a base capable of combining with two molecules of 
acid. Very recently Fittig has shown that it must be viewed as the diamido-compound 
of his newly discovered hydrocarbon-phenyl, and that it ought to be expressed by the 
rational formula €12 Hg (NH2)2, or Ojg Hg (NKg/ 3. I entirely abide by Fittig’s view, 
but find it necessary to select for both compounds a somewhat modified nomenclature, 
in ordei;^to avoid the use of the same names for some derivatives of these bodies (which 
I shall have occasion to describe) already employed for severaf long-known derivatives 

* It must be borne in mind that nitrons add acts upon the nitrates of the amido-oompounds ; if otherwise, 
the reactions would frequency giye rise to the formation df diazoamido-oompbunds formerly described by me. 


m 
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of phenylic acid. 1 propose, therefore, to designate Fima’s hydrocarbon, €|2 H|o, as 
diphenyl, and to call benzidine diamidodiphenyl. 

s 

pf !IWazodijpkMph ^24 H< N4) 

This compound is moSfc readily and copiously obtained by passing nitrous add through 
a cold concentrated aqueous solution of nitrate of diamidobenzldol, when only traces of 
a brown amorphous body are formed, whUst from an alcoholic solution the latter is 
deposited in considerable quantities. When a sufficient current of gas has been passed 
through the solution, the browp ]bo 4 y is separated by filtr^tiow, the filtrate mixed with 
twice its volume of strong alcohol, and Pther added ^ long qs any white c^stfds are depo- 
sited. By once more dissolving the crystals in a very small quantity of water, and 
reprecipitating with alcohol and ether, they are obtained perfectly pure : it will be readily 
perceived that this mode of preparation closely resembles that for the preparation of 
nitrate qf diazobenzol, which body presents a striking analogy to the nitrate of tetrazo- 

diphenyl. The latter crystallizes in white or slightly yellowish-tinged needles, which 
• * 
are readily soluble in 'water, more di^cnltiy so in alcohol, and insoluble in ether. On 

heating they explode with thq sanae vlplence ns the apalogons diazo-compoun 4 « 

Sulphate of Tetrazodipkenyl, Hg N^, 3 SH 2 O 4 . 

After mixing a concentrated aqueous solution of the nitrate of tetrazpdiphenyl with a 
sufficient quantity of cold sulphuric acid, diluted previously with its own bulk of water, 
this new body separates, op the addiUop of strong alcohol, either in the form of a white 
crystalline powder, or in white needles. If alcohol does not completely precipitate it, 
ether must be added to complete its separation, It is very soluble in water. On heating 
in a dry state an explosion ensqeSt 

I. 0 820 grm. of substance gave, on direct precipitation with chloride of barium, 
0*811 grn|fpf sulphate of barium. 

JI. 0*441 grm. gave 0*4355 grm. of sulphate of barium. 


Calculated. 

-- A. 

Found. 


r 

’ ’ ’ I ^ 

t, *• 

5 ) 

2€,2H8N4 412 

68-30 

— 

88 H 2 O 4 294 

41-04 41-00 

41-64 

7^ 

100*00 


This compound partakes of the natui*e of an add salt. 



Tlatmmrealt o^ the Hydrochlorate of Tetrazodipi^ 2H01, 2 FtCl 2 . 

This salt is preeipitated a moderately dilute solution of the nitxute or sulphate 
by means of bichloride of |>latinum. It forms light-yellow very stpall mucrow plates. 
By employing a very dilute solption, it falls slpyrly,^ in sm^ FoU-formed 
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hexagonal platoa.' These* ei^stels are ahsiost MsoluMe in watet, akohol, and ette. 
Exposure to light during cigring cadses theW^ to assume a slightly brown colour. 

0*6126 grm. gave 0*62^2 grm. of carbonic acid and 0*0916 grm. of water. 

0*6065 grm. gave 44*1 cub. centima of nitrogen at 0^ C. and 760millims. bar. pres- 
sure, =0*066416 grm. 

0*739 grm. gave on ignition with carbontitie'of soda 0*282 grm. of platinum. 



Calculated. 

A 

Foundi 

^12 

144 

^'3*2i 

23-38 

Hs 

8 

1*30 

1-66 

N 4 

56 

9*06 

9-44 

Pt2 

l97*4 

31*92 

31-40 

€14 

213 

34*44 

— ^ 


618*4 

100*00 



Perbromide of Tetrazodijphenyly €i 2 HflN 4 , 2HBr, Br 4 '. 

This compound is formed on the addition of ^)romine-water to an aqueous solution of 
the nitrate of the tetrazodiphenyl, being preciiiitated in the form of round reddish 
crystals, which are collected on a filter, thoroughly washed with water, and dried without 
delay over sulphuric acid and caustic lime. They are thus o];)tained sufficiently pure 
for analysis. Fiyrther purification indeed is impossible^ since this body is decomposed 
by dissolving in alcohol, with evolution of gas. Even at the ordinary temperature it 
undergoes a gradual decomposition: and evOlvOs bromine, wMch ii‘ rOeognizable by its 
odour. Fon this reUsOfi the bromihe-detelihinatibnS, \riiich Were With portions of 
this body tot hSd^been^leffi for several days'Under thederioeatorj were ffiund a little tbo 

low. 

L 0*688 grin., dfefcomposed'With alcoholic potaSh; g^ve 0*931 griU^of bfiomide of silver 
ii:07*96 per cent; 

IE 0*74'3 grmi gaVe, oh ignition With dahStiC limO; 1*192^ griU'. of bromide of silver 
dfcffi8*36 pei' cent.- 

• €ij^H6Nv,2HBr,.Br4;. 

Fbund. 

Calculated. I. jtl.' 

Bromine 69*77 67*96 68*36 

Tetrazodiphenyl-amidobenzoli € 8 >H 7 hP 

1^6 HyN 

By adding aniline tb an aqueoiiS‘ Solution of mtliate of tetrafeOdiphenyl, this complex 
substance, corresponffiiig to the (teO-aiftidobenzIol in the diazobenztfi series, is at once 
separated as a yellow crystalline mass; by repeettfe^y washing- with, alcohol it is easily 
obtained in a pure state for analysis. 
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0*2693 grm. gave 0*7233 gun. of carbonic acid and 0*1315 grm. of water. 
These numbers correspond to the above formula) ^24 ^^^ 6 * 



Claloalsted. 


Found. 

G 24 

288 

73-47 

73-24 

H20 

20 

6-10 

5*42 


84 

21-43 

— 


392 

100-00 



The formation of this new substance can be expressed as follows : 

H7N, 

Nitrate of tetrazo* Aniline. Tetrazo^phenyl- Nitrate of aniline, 
diphonyi amidobenzol. 

Tetrazod^^henyl-amidobenzol is insoluble in water, and, although very little soluble 
even in boiling alcohol and ether, can be recrystallized from them. By this means 
lance-shaped crystals are obtained, whiclb are generally grouped together in a star-like 
form. When heated they explode; boiled with mineral acids they are decomposed 
with evolution of nitrogen gas. 

IHphmyUmidei . 


NHO 3 ). 

i 


2NHQ3-f 4Ce Hy 


This body is obtained in crystals when the perbromide is acted upon by solution of 
ammonia. The crystals are purified by repeated recrystallization from strong alcohol, 
when they are obtained in small very brilliant white, or slightly yellowish plates, inso- 
luble in water, very diffic^dtly soluble in cold tdcohol, and only moderately soluble in 
ether. Boiling alcohol, however, dissolves them very readily, and yields on cooling a 
mass of cr;|^st^. The compound fuses at 127° G. to a yellow oil, which is decomposed 
at a higher temperature, giving rise to slight explosions. It does not combine with 
acids or alkalies, and is perfectly*neutral to test-paper. No change is produced even by. 
boiling with concentrated hydrochloric add, nor with aqueous or alcohohc potash. It 
is decomposed, however, by nitric or strong sulphuric acid. 

I. 0*2503 grm. of substance gave 0*5577 grm. of carbonic add and 0*0816 grm. of 
water. 

II. 0*3118 grm. gave 0*6918 grm. of carbonic acid and 0*0983 grm of water. 



Calculated. 




Found. 

r 

• ' 

. > 

' I. 

n. 

^12 

144. 

61-02 

60*76 

60*51 

H. 

8 

3-30 

♦ 3*62 

3*50 

N, 

84 

2$S 

36-69 

100*00 
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The formation of this compound may be expressed by the following equation : 

2HBr, Br4*+8NH3=€i2H8N6+6NH4Br. 

'V " ' ^ ^ 

Ferbromide. Tetnucodiphenylimido. 


It has been my endeavour to study somewhat more -closely the compounds which 
tetrazodiphenyl forms with metallic hydrates, but all my attempts to olJtain them more 
definitely have failed, and their preparation seems indeed to be beset with insurmount- 
able difficulties. I omit a lengthened description of the unsuccessful attempts, and will 
merely show by one instance how tetrazodiphenyl can play the part of an acid. An 
aqueous solution of nitrate of tetrazodiphenyl, when mixed with caustic potash, yields a 
yellow liquid exhibiting such properties as might be looked for in arBolution of the com- 
pound of hydrate of potassa with tetrazodiphenyl. On treating it with cl^||ride of pla- 
tinum, it gives rise to the formation of the platinum-compound above described, a proof 
that the tetrazodiphenyl remains unchanged in the alkaline solution. It is invariably 
decomposed on the application of he^, with evolution of gas and separation of a reddish- 
brown amorphous substance. 

PBODUCTS OF DECOMPOSITION OF THE COMPOUNDS OF TETRAZODIPHENYL. 

By applying the laws of classification just i\ow accepted by chemists to the tetrazotized 
derivatives of benzidine, specially taking into account their manner of formation and 
combination, these bodies must be classified with the diatomic compounds, whilst the 
respective diazo-compounds belong to the monatomic bodies. It has been of late a 
favourite subject of chemical research to trace the analogies which monatomic bodies 
exhibit under the infiuence of certain agents with polyatomic bodies. In illustration of 
this I may refer to the results obtained in the comparative study of the products of 
decomposition of the ethyl- and ethylene-alcohols in order to show how simple are the 
laws which regulate these chemical transformations. The experimental results which 
I am able to adduce prove likewise that the decomposition of the tetrazo-compound 
gives rise to derivatives which differ in nothing from those obtained under similar 
circumstances from diazo-compounds, beyond the distinctive features imparted to them 
by the polyatomic nature of the compound from which they are derived. 

Action of Water upon Nitrate of Tetrazodiphenyl. 

An aqueous solution of this body, when left in a cold pla6e, gradually undergoes a 
spontaneous decomposition. When heated it gives rise to a copious evolution of nitrogen 
gas with separation of two substances— one an amorphoiu brown, and the other a white 
crystalline body. An additional quantify of the latter is obtained when the liquid has 

* Leaving aside the hydrobromio acid, tbia compound may ho looked upon as the bromide of a tctratomio 
radical (CjjHjN^y^Br^. 

MDCCCLXrV. 5 D 
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become •quite cold. It is easy to separate these two bodies by filtering off the acid 
mother-liquor, pressing the residue between bibulous paper, and repeatedly extracting 
with dilute alcohol, which takes up the crystalline substance and leaves the brown 
body undissolved : this latter being very probably identical with the brown compound 
obtained as a by-product in the formation of nitrate of tetrazobenzidol, and being 
moreover of a very unpromising nature, I have not pursued its study any further. The 
crystalline prodhct of decomposition dissolved by the alcohol is obtained on evaporation 
as a yellowish crystalline mass, from which least traces of the brown body are removed 
by repeatedly dissolving in ether, and lastly recrystallizing from dilute alcohol. 

0*3037 grm. of substance gave 0*8603 grm. of carbonic acid and 0*164 ^pm. of water. 

Qualitative tests showed the absence of nitrogen ; these numbers correspond therefore 
with the formula €12 Hjo O 2 , as will be seen from the following calculations : — 



Theory. 


Experiment. 

€12 

144 

77-4^ 

77-26 

H,o 

10 

6-38 , 

6-63 

O 2 

32 

17-20 



186 

100-00 



The formation of this compound, for which I propose the name of diphenyl-alcohol 
or diphenylic acid, takes place according to the equation 

C,,H6N4, 2 NH 0 ^ + 2H2O = Ci2HioO^ + 2NHO3 + 4 N. 

^ ^ * 

Nitrate of tetrazodiphcnyl. Diphenyl-alcohol. 

Diphenyl-alcohol (diphenylic «cid) crystallizes in small white, or slightly tinged plates 
or needles, which possess slight solubility in water, but are soluble to any extent in 
alcohol and ether. It fuses on heating, and can be sublimed in small quantities by 
heating it cautiously in a test-tube. It is thus obtained in the form of soft, white, 
very lustrous plates. The chemical deportment of diphenyl-alcohol shows it to be 
most closely allied to the class of compounds the best-known representative of which 
is phenylic alcohol. It may in fact be considered as the first biatomic representative 
of this peculiar group of chemical compounds. The new alcohol is readily soluble in 
potash, and can be reprecipitated by the addition of an acid. Concentrated ammonia 
also dissolves it. On heating an ammoniacal solution with basic acetate of lead, a white 
voluminous precipitate ensues. Heated with ordinary strong nitric acid it is changed 
into a nitro-acid, which crystallizes out in yellow roundish crystals; the ammonium-salt 
of this acid crystallizes in. beautiful long needles. 

Action of Alcohol uj^on Sulphate of Teirazodiphmyl. 

On heating an admixture of alcohol and sulphate of tetrazodiphenyl, violent decom- 
position takes place. Tha products formed are nitrogen, sulphuric acid, and a solid sub- 
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tance, which separates in small indistinct plates on mixing the alcoholic fluid (after the 
reaction is entirely over) with a large quantity of water. In order to free the precipi- 
tate from a trace of a brown substance, which likewise forms in the reaction, it is filtered 
off’ from the mother-liquor, dried, and then sublimed through paper, according to the 
method proposed by Gorup-Besanez. The substance is thus obtained in the form of 
perfectly white plates, which dissolve easily in ether and hot alcohol, and which crystal- 
lize from the latter very much like naphtaline. The new compound fuses at 70° C. to 
an oil, which distils at a higher temperature ^without decomposition. It possesses a 
peculiar aromatic odour like that of cinnamol and benA>l combined. 

0-1787 gnn. of substance gave 0*607 grm. of carbonic acid and 0-107 grm. of water. 

These numbers lead to the formula Ojg Hjq. 



Calculated. 



Found. 

022 

144 

93-60 

92-70 

Hio 

10 

6-60 

6-66 


164 . 

100-00 



Its chemical composition, combined with the before-mentioned physical properties, 
prove that the hydrocarbon is identical with the diphenyl described by Fittig*. Its 
formation may be described by the following equation : — 

2(0^2 He N 4, 3 SH,Q 4 ) + -f 4G2H4O -f Ng -f 6SH2O4. 

Sulphate of totrazodiphenyl. Alcohol. Diphenyl. Aldehyde. 

Nitrate of tetrazodiphcnyl is decomposed in a similar manner by boiling alcohol, but 
simultaneously the formation of a yellow nitro-acid takes place, which stands probably 
to the diphenylic alcohol in the same relation as the nitrophenol to phenylic alcohol 
(compare also the corresponding decomposition of nitrate of diazobenzol, p. 683). 

Action of Sulphuric Acid u;pon Sulphate of Tetrazodiphcnyl. 

On heating sulphate of tefrazodiphenyl dissolved in a small quantity of oil of vitriol, 
a violent evolution of nitrogen gas is observed. The brown liquid which remains after 
the reaction has ceased contains, besides the excess of sulphuric acid employed, two new 
sulpho-acids, which can be separated by means of their barium-salts. For this purpose 
the brown liquid is diluted with at* least thirty times its volume of water, boiled, and 
saturated with carbonate of barium. The precipitated sulphate of barium is then fil- 
tered off, the saline solution evaporated to dryness on the wrfter-bath, and the residue 
several times extracted with hot water. The portion remaining undissolved is the 

If the diphenyl, prepared according to my method, has not been previously sublimed through paper as 

ribed, it crystallizes only in the form of small indistinct silvery white plates, which are so different from 

the large naphtaline-like plates described by Frrria, that they appear at first sight to bo crystals of quite a dif- 
ferent compound. 


6 D 2 
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barium-salt of a new add which 1 will call tetrasulphodiphenylenic acid ; the soluble 
portion contains another new acid, for which the name trisulphodiphenylenic acid may 
be adopted. 

I will first endeavour to give a brief description of the former. The barium-salt of 
this acid, obtained as before mentioned, being only very slightly soluble in water, could 
not well be purified by recrystallization ; I preferred therefore to convert it into the 
ammonium-salt, which served me as a starting-point for tlie preparation of all the saline 
compounds presently to be described. , The ammonium-salt is readily obtained by 
decomposing the barium-salt widi a solution of carbonate of ammonium. The mixture 
is heated for a short time, the insoluble carbonate of barium filtered off, and the filtrate 
concentrated on a water-bath till the ammonium-salt crystallizes out on cooling. One 
recrystallization from alcohol renders it in the form of perfectly pure white prisms. 

It 

'Barium-salt of TetrasuVpTiodiphenylenic Acidf OjgHg, S4 H2 Ba4 0|5. 

To a rather concentrated boiling solution of the ammonium-salt chloride of barium is 
added, when this salt is precipitated as white needles or prisms ; the crystals are allowed 
to subside, and, after the mother-liquor has been separated by filtration, repeatedly 
washed with cold water ; in this manner they are obtained quite pure. The substance 
employed for the following analyses was dried between 150° and 160°. 

I. 0*612 grm. gave 0*4065 grm. of carbonic acid and 0*070 grm. of water. 

II. 0*366 grm., decomposed by nitric acid, gave 0*4327 grm. of sulphate of barium, 
corresponding to 16*28 per cent, of sulphur. 

III, 0*2846 grm., treated with sulphuric acid, gave 0*177 grm^ of sulphate of barium 
=34*14 per cent, of barium. 

IV. 0*6186 grm., treated as before, gave 0*4327 grm. of sulphate of barium= 34*77 
per cent, of barium. 

These numbers lead to the formula 


^12 ^15 



Calciilatcd. 

^ 


POl 

A. 


r ' 



^ I. 

II. III. 

IV. 

®I2 

144 

18*14 

18*07 

t 



8 

1*00 

1*27 

— 


S 4 ‘ 

128 

16*21 

. — - 

'16*28 


Ba. 

274 

34*51 


34*14 

34*77 

©15 

240 

31*35 

— 





794 

100*00 





Dried over sulphuric acid, the salt retains four molecules of water of crystallization. 
0*462 grm., dried as abcve, lost between 160® and 160° 0*037 grm. of water, 

^12 ^^*4 ®4 
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Calculated. Found. 

4 H 2 O . . . . 8-03 8-00 

If the ammonium-salt of tetrasulphophenylenic acid be, instead of chloride of barium, 
treated with baryta-^water, another barium-salt is formed, which, according to the sub- 
joined barium-determination, has the composition Ojg Hg, S 4 Bag Ojg. It is precipitated 
as a white amorphous powder, which, on washing with water, is converted into small 
prisms. 

0’^085 grm., dried at 150°, gave 0*4585 grift, of sulphate of barium. 

^12 ^4 ^13* 

Calculated. Found.' 

Ba . . . . 44*24 44*29 


Silver-salti Cj2 Hg, S4 H3 Hi O15. 

On mixing a concentrated solution of the ammonium-salt with an equally concen- 
trated solution of nitrate of silver, separation of warty crystals of this salt takes place 
after some time. They may be purified by recrystallization from water, in which they 
are easily soluble. The concentration of their solution must be conducted in vaevu), 

0*3955 grm., dried at 150°, gave 0*2025 grm. of chloride of silver. 

H<j S4 Ag.j Ojj. 

Calculated. Found. 

Ag . . . . 38*34 38*50 

0*4205 grm. of silver-salt, dried over sulphuric acid, lost at 150° 0*026 ^m. of water. 

• ^12 ^9 ^* 

Calculated. Found, 

SHgO . . . . 6*00 6*95 

When describing disulphophenylenic acid (page 687), it was shown that it is capable 
of forming two series of salts exhibiting an analogous relationship to each other, as 
metaphosphates to ordinary phospliates. Tetrasulphodiphenylenic acid behaves in a 
similar manner. ' Thus the salts previously described point most naturally to the con- 
clusion that it is hexabasic, while the salts which will be presently mentioned indicate 
its capability of assuming also an octabasic character. 


Lead-salti €12 Hg, 84 Pbg Ojg. 

When a boiling solution of tetrazodiphenylenate of ammonium is mixed with a solu- 
tion of neutral acetate of lead, this salt is precipitated in the form of white needles. 
Repeated washings with water render it quite pure. 

1*0196 grm., dried at 160°, gave 0*3797 grm. of carbonic acid and 0*064 grm. of water. 
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0*3135 grm.* gave 0*2765 grm. of sulphate of lead, corresponding to 60*04 per cent, 
of lead and 9*28 per cent of sulphur. 

■^12 ^6 ^^8 ^16 ■ 



Calculated. 


Found. 

C 22 

144 

■ 10-6^' 

10*16 

He 

6 

0-46 

0*69 

Pbg 

828 

60-79 

60*04 

S 4 

128 

9-39 

9*28 

^16 

256 

18-80 



1362 

100*00 



Basic Lead-salt^ O 12 Hg , S 4 Pbg Oig4-P4 ^ 2 * 

This salt is obtained by treating the hot solution of the ammonium-salt with basic 
acetate of lead. It is a white amorphous precipitate. 

0*6935 grm., dried at 150®, gave 0*592 grm. of sulphate of lead. 

^12 ^6 ^^12 ^ 18 * 

Calculated. Found. 

Pb , . . . 68*69 *68*14 

Tetrasulphodiphenylenic acid is easily to be obtained in a free state, either by decom- 
posing the lead- or silver-salt with sulphuretted hydrogen, or by treating the bitium-salts 
with an equvalent quantity of sulphuric acid. The filtered aqueous solution is evapo- 
rated on a water-bath to a syrupy consistence, and placed over sulphuric acid; after 
some time white needles or plates are obtained, which are very soluble in water and 
alcohol, but not deliquescent in the air. I have not yet analyzed this acid ; but accord- 
ing to the above-mentioned salts it seems very probable that it can exist in two different 
states, as expressed by the formula? €22 Hg, Sg Hg Ojg and Ojg Hg, ^ 8^8 ^16* 


The second compoimd (trisulphodiphenylenic acid) to which the reaction of sulphuric 
acid or i^ulphate of tetrazobenzidol gives rise desses likewise a few passing remarka 
The separation of its barium-salt from the barium-salt ©f tetrasulphodiphenylic acid 
by means of hot water has already been desoibed. The aqueous extracts thus obtained, 
sufficiently evaporated and allowed to cool, will generally solidify to a gelatinous mass 
from which distinct crystals cannot be obtained, even by repeated solution and evaporation. 
Crystallization may, however, be effected thus: The gelatinous salt is converted into the 
ammonia-compound, by boiling with an aqueous solution of carbonate of ammonium. 

* This substance was boiled concentrated nitric acid tiU red fames ceased to be evolved, and evapo- 
rated to dryness. The sulphate of lead was then collected on a filter and well washed wifii alcohol ; the alco- 
holic filtrate oontoms neither a trace of l^d nor sulphuric add. 



WHICH NITEOGEN IS SUBSTITUTED EOB HYDEOGEN. 


729 


The excess of ammonia is removed by evaporation, and the crystalline residue dissolved 
in a little hot water and treated with a solution of chloride of barium. On cooling, 
warty crystals, or globular groups of small plates, of the barium-salt are obtained, 
which can be freed from the difficultly-soluble tetrasulphodiphenylenate of barium with 
which it may still be contaminated, and also from the mother-liquor, by repeated 
crystallization from water. 

The analysis of this salt (dried at 130“ C., at which temperature it turns to a dirty 
green colour owing to the loss of water of crystallization) gave the following numbers : 

0*526 grm. of substance gave 0*4403 grm. of carbonic acid and 0*0766 grm. of water. 

0*463 grm. gave 0*2635 grm. of sulphate of barium. 

0*3605 grm. gave 0*388 grm. of sulphate of barium. 

These amounts lead to the formula 


^12 ^ ^ 11 * 



CalclUatcd. 


Found. 

c., 

144 

22*91 

22*80 

H, 

7 

1*11 

1*60 

Ba^ 

206*5 

32*70 

32*80 

S;, 

96 

15*28 

14*78 

On 

176 

28*00 



628*6 

100*00 



Leadrsalt, Ci 2 Hg, S.,PbgOj 2 . 

White amorphous precipitate obtained by treating a hot solution of the barium-salt 
with a solution of neutral acetate of lead. 

0*711 grm., dried at 130°, gave 0*604 grm. of sulphate of lead. 

^ 12 ® 6 » ® 3 ^^ 6 ^ 12 * 

Calculated. Found. 

Pb . . . . 68*63 68*06 

0*7375 grm., dried over sulphuric «acid, lost at 130° 0*0265 grm. of water. 

f)j2 Hg S 3 Pbg Oj2“}“2H2 0. 

Calculated. Found. 

4 H 2 O . . . . 3*29 8*62 

SdSM ^12 ^3 ^^6 ^^4 ^2* 

is precipitated from a solution of the ammonium- or barium-salt with basic acetate of 
lead. It scarcely differs in its properties from the previous salt. 

0*750 grm., dried at 130°, gave 0*2483 grm. of carbonic acid and 0*0657 grm. of water. 
0*5396 grm., dried at the same^mperature, gave 0*632 grm. of sulphate of lead. 
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Calculated. 


Found. 

€j2 

144 

9*5'! 

9*03 

H, 

6 

0*40 

0*82 

s. 

96 

6*38 

- ■■ 

Pbio 

1035 

68*77 

68*69 

Oh 

22.4 

14*88 

— 


1505 

10000 



Trimtl^hodipJienylmic Acid 

is obtained in a free state in exactly the same manner a» tetrasulphodiphenylenic acid, 
which it resembles in every other respect. It is evident at a glance that its composition 
may also be expressed in two different ways, viz. Cjg Hg, S3 H4 On, or Cjg Hg, S3 Ilg Ojg. 


In accordance with the experiment just described, the decomposition which the tetrazo- 
diphenyl undergoes by the action of sulphuric acid may be expressed by the following 
equations : — 

I. G ,2 N, + S, Ha 0,a=G,a S, H, 0,a + N.. 

Tetrazodiphonyl. Tetrasulpho^phenylcnic 

acid. 


II. 


GiallaNa+SaHaO 

V ^ 

Tctrussodiphonyl. 


12 — ^12 ^6 ^^12 “h ^4 • 

^ ^ — > 

Trisulphodiphenylenic acid. 


Becomjiosition of the Platinum-salt of Tetrazodifhmyl and of the Perhromide, 

On mixing the platinum-salt of tetrazodiphenyl with from four to six times its weight 
of carbonate of sodium, and heating the mixture in a retort, a copious evolution of gas 
speedily ensues ; and on increasing the heat an oily body distils, which solidifies in the 
neck of the retort to a white mass. By pressing this body between bibulous paper, and 
by repeated recrystallization from boiling alcohol, it is obtained perfectly ,pure. Analogy 
leads to the supposition that the formation of this body takes place according to the 
equation 

€i2HgN4, 2IIC1, 2PtCl2=C,2H8Cl2+a4+Pt2-fN4. 

Platinum-salt. New body. 

The following chlorine-determination corroborates this transformation - 

0*236 grm. gave 0*2938 grm. of chloride of silver = 30*93 per cent, of chlorine. 

Calculated. . Found. 

Chlorine = 31*84 per cent. 30*93. 

This new body, which I will call dichlorodiphenyl, crystallizes in white, usually well- 
formed prisms ; it is difficult of solution even in boiliftg alcohol, but readily soluble in 
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ether, and quite insoluble in water. It fuses at 148*0. to a yellowish oil, which can be 
distilled without decomposition. 

On heating in like manner the perbromide of tetrazodiphenyl with carbonate of 
sodium, a mixture of bromine and nitrogen gas is evolved, and on heating more strongly 
an oily substance distils over, which quickly solidifies. It is obtained pure for analysis 
by repeated recrystallization from ether. 

0*322 grm. gave 0*6613 grm. of carbonic ^cid and 0*082 grm. of water. 

These numbers correspond, as might be expected, with the formula 



^ Theory. 

^12 ®^2* 

Experiment. 

^12 

144 

46*16 

46*69 

He 

8 

2*67 

2*84 

Br2 

160 

61*28 



312 

100*00 



This compound, which may be called dibromodiphenyl, resembles the previously 
described chlorine-compound ; it crystallizes likewise in well-formed prisms, which appear 
to be even more insoluble in alcohol and ether than the above, and which fuse at 164* C. 
This substance is obtained, moreover, by boiling the perbromide with alcohol, as in the 
following equation : — 

= ej^HgBr^ + N4-HBr4. 

V ^ ' V ^ / 

Perbromide. Dibromodiphenjl. 

The substance separates from the alcoholic solution on cooling in crystals; it is best 
purified by distillation. 

Dr. FiTTio informs me that he obtained a compound of like composition by acting 
with bromine upon diphenyl. The description of this new compound given by him 
applies so entirely to the dibromodiphenyl prepared by me, that no doubt remains of 
the identity of the bodies obtained by different methods. 


b B 
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XIX. On the Differential Eqmtiom which determine the form of the Boots of Algebraic 

Equations. 

By George Boole, F.B,8.^ Professor of Mathematics in Queen's College, Cork. 

• 

Keceived Ap:^ 27, — Head May 26 , 1864. 

1. Mr. Harley* has shown that any root of the equation 

y*‘—ny-i-(n--l)r=0 

satisfies me differential equation 



in which (^=za;, and D=^> provided that n be a positive integer greater than 2. This 

result, demonstrated for particular values of n, and raised by induction into a general 
theorem, was subsequently established rigorously by Mr. Cayley by means of Lagrange’s 
theorem. 

For the case of 7^=2, the differential equation was found by Mr. Harley to be 

* ■ ( 2 ) 

Solving these differential equations for the particular cases of w=2 and w=3, 
Mr. Harley arrived at the actual expression of the roots of the given algebraic equation 
for these cases. That all algebraic equations up to the fifth degree can be reduced to 
the above trinomial form, is well known. 

A solution of.(l) by means of definite triple integrals in the case of n=4 has been 
published by Mr. W. H. L. Russell ; and I am informed that a general solution of the 
equation by means of a definite single integral has been obtained by the same analyst. 

While the subject seems to be more important with relation to differential than with 
reference to algebraic equations, the connexion into which the two subjects are brought 
must itself be considered as a very interesting fact. As respects the former of these 
subjects, it may be observed that it is a matter of quite fundamental importance to 
ascertain for what fo#ns of the function ^ (D), equations of the type 

u+^(D)e'*^u=0 (3) 

admit of finite solution. We possess theorems which enable us to deduce from each 
known integrable form an infinite number of others. Yet there is every reason to think 

Proceedings of the literaiy and Philosophical Society of Manchester, No. 12, Session 1861-62. 
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that the number of really primary forms— of forms the knowledge of which, in combi- 
nation with such known theorems, would enable us to solve all equations of the above 
type that are finitely solvable — ^is extremely small. It will, indeed, be a most remark- 
able conclusion, should it ultimately prove that the forms in question stand in absolute 
and exclusive connexion with the class of algebraic equations here considered. 

The following paper is a contribution to the general theory under the aspect last 
mentioned. In endeavouring to solve Mr. Haeley’s equation by definite integrals, I 
was led to perceive its relation to a more general equation, and to make this the subject 
of investigation. The results will be presented in the following order : — 

First, I shall show that if u stand for the wth power of any root of the algebraic 
equation 

y"— 1=0, 

then w, considered as a function of will satisfy the differential equation 


in which i«*=^, D=- 5 j> and the notation 


[a]* = «(a — 1 )(a — 2) . . (a — ^ -f 1 ) 

is adopted. 

Secondly, I shall show that for particular values of m, the above equation admits of 
an immediate first integial, constituting a differential equation of the 1th order, and 
that the results obtained by Mr. Harley are particular cases of this depressed equation, 
their difference of form arising from difference of determination of the arbitrary con- 
stant. 

Thirdly, I shall solve the general differential equation by definite integrals. 

Fourthly, I shall determine the arbitrary constants of the solution so as to express 
the mth power of that real root of the proposed algebraic equation which reduces to 1 
when ar=0. 

The differential equation which forms the chief subject of these investigations certainly 
occupies an important place, if not one of exclusive importance, in the theory of that 
large class of differential equations of which the type is expressed in (3). At present, I 
am not aware of the existence of any differential equations of that particular type which 
admit of finite solution at all, otherwise than by an ultimate reduction to the form in 
question, or by a resolution into linear equations of the first order. It constitutes, in 
fact, a generalization of the form 


u-\ 


a(D— 2)*+n* 
D(D-l) 




given in my memoir ** On a General Method in Analysis ” (Philosophical Transactions 
for 1844, Part II.). 
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Fmmtim of the Differential EguaMm. — General finite integral. 

2. Proposition. — If u re;present the mihjgower of any root of the algebraic egmtion 

y-ay-*— 1=0, 

then u, considered as a function ofx, satisfies the linear differential eguatim 

[D>+ 

in which e*=x, and D=4* 

aO 

And the complete integral of the ahoce differential equation will he 

Yu ya> “In being the n roots of the. given algebraic equation. 

Representing y" by 2 , we may give to the proposed algebraic equation the form 

n— 1 

2 = 6 +^^ * ( 1 ) 

in which i=l. Hence by Lagrange’s theorem 

"* 2 *“* d / *"\ d / *(»»-» d ”»\ v* 

“=*“=*■+*” s(*")*+S6(* ” S4 *")t:2+*® (2) 

the general term of the expansion being 

(Sj (3) 

which, on effecting the operations indicated, becomes 

^ - ^ w 

We see then that u is expanded in a series of the form 

Uo+Ui^p-i-UgX’-i- &c. ad inf.y 

in which, since 6=1, 

' 

and this expression 'will represent the first term as well as the succeeding coefficients 
of the Lagrangian development, provided that we interpret the form [^]® by 1, and 

As 1^ admits of n distinct values,* the above development may be made to represent 
the mth power of any one of the n roots of the given algebraic equation. In particular, 
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if we give to 1** the particulax value 1, we hiive 

n'n7' 

and the expansion then represents the with power of that particular root which, when 
x=0, reduces to 1. The law of the series upon which the formation of the differential 
equation depends is, as we shall perceive, independent of these determinations. 
Changing r into r— w, we have 


m 

~m + (nfr‘l)r 

r-n-l fn-r 

H 

n 

n[r— n 

r-ii 


whence the law of the series is seen to be 

WX+ [ — (6) 

and therefore, by what is shown in my memoir “ On a General Method in Analysis,” the 
differential equation defining u will be 

(I) 

in which €^=x and D= 4 • 

3. As u may here represent the with power of any of the roots of the given equation, 
it is evident that the general integral of the above differential equation will be 

(^) 

exception arising, hcfwever, in the case in which for a particular value of wi the n parti- 

cular integrals y”, . . y" cease to be independent. In such cases the above value of u 
constitutes an integral, but not the general integral of the differential equation. 

For instance, if wi=— 1, and if we reduce the given algebraic equation to the form 

it is evident that, except when w=2, we shall have 

yr‘+5^8"‘--+5^;r'=o. 

Here then 

may be reduced to the fojm 

virtually involving but w— 1 arbitrary constants. 

Such cases of failure may, however, be treated by giving to the integral a form which 
for the particular value of wi shall become indeterminate, and then seeking the limiting 
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value. In the above example we may write 

«=C^. . 

the last term of which becomes a vanishing fraction when w= 
form is seen to be 


- 1 . 


The true limiting 


«=C,yr‘- • logy,. . +y» * logy„) (8) 

This is the complete integral of (I.) when — 1. 

ii The theory of these failing cases may be viewed also in another aspect. When 

«^=C,yr+Csyr--H-Cny7 . (9) 


is an integral, but not the general ‘integral of the differential equation (I), it must be 
the general integral of a difTerential equation involved in (I), but of a lower order. We 
may in fact conclude that such reduced differential equation will be deducible from the 
higher one by a process of integration. Let us apply this consideration to the foregoing 
example. 

When m=— 1, the equation (I) becomes 
Hence operating on both members with (D— we have 


It must then be possible to determine C so as to cause this differential equation to be 

satisfied by (9). First let us seek to determine C so as to cause the equation to admit 

of any of the particular integrals y?, . . y”. Substituting for u the Lagrangian expan- . 

sion reduced by making 1, and giving to b any of the partujular values included 
JL 

in the form 1»», we shall, on equating coefiicients, find 

n 

whencb it appears that if A be greater than 2, CasO. Thus the reduced differential 
equation becomes 

• • • • • ( 10 ) 

and this, when n is greater than 2, is satisfied by 

w=C,y, **4“Cjyj *. •+C„yj*» 

which in effect contains 1 arbitrary constants, and so constitutes the complete inte- 
gral of the differential equation. 

If n=a2, the differential equation becomes 


( 11 ) 



788 


FBOFESSOB BOOLE ON THE DIETEBENTIAL EQUATIONS WHICH 


which is satisfied by by but, as is evident from its unhomogeneous 

form, not by «=C,yr‘+C,y;‘‘. In this case, in fact, th^ condition yr‘+yr‘==0 not 
being fulfilled, the primary differential equation (I) suffers no change in the form of its 
general solution. 

Mr. Hablet’s results are in effect transformations of (10^ and (11). Since 
it is seen that u will satisfy the algebraic equation 


tt*+a?M“l=0. 

Transform this by assuming 

1-n l-m ^ 1 _ 

ar=— w(l— ij) » a/ » , w=(l— 

and we have 

w'" — + (»— 1 )*/ = 0, 

which is Mr. Haelet’s algebraic equation in form. Hence, if a/s=:e*' and D'=:^, 
shall have 


^=— w(l— 


n g n 


«=( 1 — 


-i , 


D= 


1 — n 


D'. 


we 


And (10) will become 




fl-1 


-Ay 

e ^ u' 


ly— ij (— «)''(1— 


Multiply by and we have 

1 

-»)*-■(! -»)'-V=0. 


Now 

(!>'-«■>- I-P 

1— n 

and 

[-.D'+»-2]’-*=:(-l)’-‘[iy]*“». 

Hence 

or 

II , 

which is Mr. Hablbt*s equation (1), art 1. When »=:2, we obtain from (11), by the 
same transformations, Mr. Hablet’s second equation (2), art. 1. 

Not only for the particular value m=^l, but apparently for all integer values of m, 
the general differential equation (I)' admits of one integration. It may be said that 
while the differential equation determining the form of the mth power of a root of the 
algebraic equation is in general of the nth ordm, this equation may, when m is an integer, 
be reduced to an equation of ^e n— 1th order; not, however, like the higher equation, 
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unvarying in its type. I have thus verified some other particular forms obtained by 
Mr. Hablet . 

Solution of the Differential Equation hy Definite Integrals. 

5. On account of the difficulty of the investigation, I propose to employ two distinct 
methods leading to coincident results. 

First Method . — Operating on both sides of the given difierential equation (I) with 
we have 




' e^^u=e,^C,d > . . . . (1) 

Co , C, , . . C„_, being arbitrary constants. Let us represent 


rariD+”-iT‘Y2_“_i') 

L n n J \7 i n / 


[!>]“ 




whatever the nature of the subject U, by ^U, then the difierential equation becomes 

u-\-§ w=Co-|-Cie®* • 
or 

(l+f>=Co+C/.. 
w=:(l-f f)-UCo+C.«^ . 

the summation extending from i=0 to f=w— 1. 

Now 

But if 


m= 


r?ziD+“-iT‘Y5_“_i') 

Lw n J \n n / 


we have 


[ D ]» 


=^(D)e’'V®, 

gPe^=<p{ D)(;i(D — ^ — 1 
But from the form of ^(D) it is easily seen that 


n - l_.w . n>(«-»rD m 


f(DMD-»)= 


D+^-1 

n u 


» n ^ 


and generally 




j »(«— 0 

D 

m 

* 

— * MHM 

9 

n 

n 

)■ 




?(*-») TD 

-=-ii 


n 

n 


^ ( 2 ) 


HDCCCLXIV . 



740 PROFESSOR BOOLE ON THE DIFFEBINTIAL EQUATIONS WHICH 


Now 

_ r(fl+i) 

— r(«-A+T)’ 

provided that «4*1 and are positive. This law we can extend symbolically to 

expressions in which D appears, provided that, in the application of the symbolic forms 
thence arising, D shall admit of an interpretation which shall effectively make the sub- 
jects of the symbol F to b(i positive numerical magnitudes. Under this condition we 
have then 

\*n n J \n n / 






,(pn+i)$ 


T(1J+T) 


where 


4.(D) 


r(D— 1) 

\ n n y \ii n / 

I'(b+i) ’ 


'^(D)=::7;r=T 


Now 




rii±i; 


\ n n J \ n J 




(3) 


We see then that the conditions 

m>0 

must be satisfied. For e=0 these conditions are inconsistent, and the proposed employ- 
ment of F therefore unlawful. For values oft greater than 0 the conditions will be 
found to amount to this, viz. that m must lie between the limits — {n — 1) and 1. We 
shall suppose m thus conditioned, and shall consider first the case in which i>0. 

Here then we have, interpreting D by pn^i in b§t leaving it unchanged in 

0(D), 


# 


r(i+i) 




e 




(4) 


it being seen that if we similarly interpreted D in 0(D) the conditions relative to F' 
would be satisfied throughout. 
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Hence if we write 
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r(t-n)c, 


we shall have 




• r('2r:iD+^VY---') 

V n nj \n nj 


TiJT+T) 


— &c. ) 


and therefore 


___ \ n nJ \n n J Ai 

TW+T) 




l+e” 


zH^+g) e rjn+T) . ... . 

the summation extending from e=l to i=n—l. 

Consider next the case in which i=0. We have, when^ is not less than 1, 

fCo=g’’-^gC, 

=§^-'<p{I>)e'^Co 

=zCo<p{n)g^-^e”\ 

But changing in (4)^ into^— 1, and i into «, 

r('^D+-VY---) 

\ » ”/ \” r(»+i) 

TJST+T) 

Hence, if we write 


( 5 ) 


€r\ 


C„<p(n) 


Tjn+l) 








(5') 


we have for all positive integral values of j), 


_ A V ” nJ \n nj 

^ rpT+T) ^ 


^Co=— A„ 


e 


pn$ 


and therefore 


(1 + &c.)C.= C.+ \ " I ' m+i) ” (A.*”*- A„e»'+A.«“-&C.) ; 


IWIT 

„ , ^ 

(1+f) Co=c,^ 1+^* 

5 F 2 
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Combming this with (5), we find 

r« I \ ” n/ \n n ) ^A^e^+A.^e^ .. + Anti^X 

rny+T) i / 

— n I \ “ nj \n n/ p^_,/A,c*+AjC»®.. +AnC*^\, 

-^0+ L> I I 

Now, resolving the rational fraction, we have 

^ l+g»9 — ^ 

=B, log (1 --a,e®) + B, log (1 —a/) . . + B« log (1 — ), 
«!, being the wth roots of —1, and Bf=-^** Hence 


0_L V ” »/ V” »/ 


TW 


.{B,log(l— a/)..+B«log(l— ay)}. . . (6) 


In this expression B, , . . lB«, being generated from the arbitrary constants C^, C, , ^ . C„_„ 
may themselves be regarded as arbitrary constants. And this being done, C# will become 
a dependent constant, the form of which it will be necessary to determine. 

First, however, let us endeavour to interpret by a definite integral the symbolic 
function of D. 

We know that a and b being positive quantities, 

r(«+4)-J. “J. (i+<r‘ 

If we employ the second of these forms, we shall have 


r('!l=2D+”Vf5--'i 

\ “ ”/ Vn n/ 

r(C5 


9(e*)=J^ 


dt 


n— 1^ m , 
t » n 


(i+<p 




by a known symbolical form of Taylor’s theorem. Hence if 


n-t 




we have 
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6. In determining Co the following theorem will be of use, viz. : — 

If X he a positive integer y and a positive and less than r, the^i 

r(a)r(r-<,)= t--qj^^'- (8) 

This may be proved as follows : — 

Let i be the greatest integer in a, and let a^^i^d. Then 

• • 

r(a)r(r-o)=[a-l]'r(a')x[»'-o-lJ-‘-T(l-(i'). 

Bnt d being a positive proper fraction. 


and 


Hence 

But 


[(i-l]‘=;(a-l)(a-2) . . (a-i) 

=(_l)'(i_o)(f_a-l) . . (1-a), 

[r — a—l'j'~‘~'=(r—a—lXr—a—2) . . (t— o+l) ; 

. . {«•-«+ l)x(<-o) . . (1-a) 

={-l)t»-a-ir'. 
r(a)r(»-a)=(-l)'[»-a-l]-‘ • 

sin (dv ) = sin (a-r —ix)=(—l )' sin («t). 


r(a)r(»--a)=t“?ri]pr, 

' ' sm(fl7r) 

as was to be proved. 

Now in the instance before us we have by (5') 


where 


^0—^n 


9W= 




Hence, since r(w+i)=W*> 


[nr 


^0 — r m -i»-» m » 



T*“* m 

n+~— 2 

X — 

L « 

J » 


wherefore 1—^ being a positive quantity, and n a positive integer, we have, by the 
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above theorem, 


Accordingly 


But since 

we have 


Therefore, finally, 



N,e® • AjC® • • + 

■A-«— ( 1) 4-^^ jajaa ••• a» 

= B, • • + B„ . 

/I Bj + Bg • • 4* Bn 

■ ^ , 

® m . mir 


Substituting in (7), and replacing c® by x, we have 


(B|4-Bg » • +B„)7r _ 

m . mv ”• * 

— sm — 
n n 


/too ^00 

1 dt log (1— UiXT) • • + B„ I dt log (1 — a„a?T), 

Jo Jo 



wherein, it must be remembered, that «! , aj, . . a„ are the several wth roots of —1, and 


T= 


nr 


1+/ 


And this is the general integral of (I), B, , Bj , . . B, being the arbitrary constants of 
the solution. 

Second Method, — 7. For the finite solution of differential equations of the form 

/„(D>+/,(D)^tf=0, 

. I? 

it is usually convenient to reduce them to the form 

♦ 
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which falls under the general type 

w+^(D)c^m=U, (1) 

U being a function of 6 when the inverse operation {/ o ( D )}“*0 has been performed. 

The theory of equations of the above type has been discussed fully in my memoir 
“ On a General Method in Analysis.” In particular it is there shown that the above 
’ equation can be converted into another of the same type, 

V 4* = V, 

by assuming 


where 




jp 


(2) 


p ^ ^(D)(p(T)— n)^ (D — 2ra) .,ad inf. 

"^(D) 4>(i))4/(i) — njt|/(D — 2n) . . ad inf. * 


This theory I shall apply here, not to the ordinary finite solution, but to the solution 
by definite integrals of the differential equation (I). In doing this I shall give to U and 
V the particular values 0. We are justified in doing this by the canons relating to the 
arbitrary constants which are laid down in the memoir ; but it will sufiSce here to direct 
attention to the fact that while the processes employed are strictly speaking particular, 
they lead to a solution involving the requisite number of arbitrary constants, and at 
the same time of the proper as manifested by the succession of the indices in its 
development. 

Giving then to (I) the form 

V" " V»t=o, 


«-!-• 

assiftne as the transformed equation 


w 


Then by (2) 
Now 


[Dy 


e’^v^O. 


since representing first term in the factorial expression 

of ^(D— -w) will so follow the last term in that of f (D) as to leave the law of factorial 
succession unbroken. Again, if be any terai in the development of v, we have, 
i being a positive integer, 

=A.Cr(!5^i+^)^, 
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C being a constant, the vajue of which does not change with i. Hence we may write 


and in like manner 




The legitimacy of the introduction of F depends upon the condition 


I • m 


Tl 1 • - at ^ m taw 

so that the value z=:0 is inadmissible, as we have already assumed. Moreover 7n must 
lie between the limits —{n—l) and 1. 

Since the equation for v is equivalent to 

d^v ^ 

^^n+t'=0, 

whence 

in which a„ aj?* •««« the wth roots of —1. This value of v can be expanded in 
ascending powers of x in the form 

&c. 

Hence 2fo representing that part of ii which contains positive and integral powers 
of X, we shall have 

Now i;-ro=C, («“•'— 1)+C3(c^—1). . 1) 

the summation extending from 2=1 to 2 = 22 . Hence, merging CC' in the arbitrary con- 
stants C„ . . C„, we have 

»=«.+SCf(!5^D+f)r(5-2)(«^_l), (3) 

in which x^(^. This expression we now propose to interpret by definite integrals. 

Now 

Substituting and merging «! in the arbitrary constant Q, we have 


=:Wo+^Qi dse^^a ^ » I I 

^0 ^0 Jo 


dh 
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on interpreting the F functions in the usual manner. We may therefore write 

r r * r " * V dh, 

Jo Jo Jo 

. since by the symbolical form of Taylor’s theorem 

w-»P 2 ( Sr* L\® / Sri J.\ 

tf * t*p{x)=\i * t^j ^(a;)=p\ss » ty. 

Let us now transform the double integral relative to s and t by assuming 


8=:vt, 

and making v and t the new system of variables. We shall have 

dsdt=itdvdt, 

while the limits of v and f will be 0 and oo. Hence 




u=Ut+XcX f dvdte~^^^'‘^*v^~^tr^^ eT^dh, 

Jo Jo Jo 


Again, transform the double integral relative to t and 4, by assuming h=zty. We shall 

n— I 

have dh=tdy^ and the limits of y will be 0 and xv * . Whence 


»— 1 


n ^ , 

dvdtdye~^'^''~’"^^^v^~ . 

Integrating with respect to we have 


u 


dv I dv • 

Jo Jo ^ l+v-Oiy 


~1 . 


Now integrating with respect to y, and merging — in the arbitrary constants, 
U=zUo dv V* '|log^l4-v— ** log(l4-t;)J 

" "*-i / 

dv v*" log! 1 


=tt,4.2c£ 


w— 1 
l+V 


• • » 


( 4 ) 


It remains to determine 

Developing the function under the sign of integration in ascending powers of x, and 
effecting the integration for each term separately, we find, for the coefficient of of*, the 
expression 

v„—yc, J ^ • 

•• * 

6 G 
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but from the law of the series as expressed in (6), art.' 2, 

- - — — mm 


Equating these values, 


«.=2C, 


=2C, 


w 

r(g+-i)r(i-f) 


‘ m 

‘m 

n 



m . mir 
— sm — 
n n 


by the reductions of art. 6. 
Hence, finally, 




m . mir 
— sm 
n n 


(ii) 


which agrees with the previous result. 


Determination of the Constants. 

8. I propose here to determine the constants of the general integral (II), so as to 
obtain an expression for the mth power of that particular (real) root of the equation 

f — 1=0 

which becomes unity when a?=0. 

We have 

w=2Q— 2: — +2C,f"dvt;«'‘log(l-«^V), (1) 

7n • tnif Jo 

— sin — 
n n 


n — 1 
V »» 


where and represents in succession the different 7^th roots of —1. 

The coefficient of af in the expansion of this value of w in ascending powers of s will 
be found to be 

p/ m+(n~l)r \p/ r-m \ 
n ) \ n ) 

. TTif) ’ 

and its coefficient in the expansion of y”* by Lagrang^ theorem is, for the particular 
root in question. 


ir -1 


equating which we have 


n[ry 


m 




r-*I 




2C,<= 
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But by the theorem of art. 6, 

5_ 

L .» J 


—\ 

+ 

1 

1— 1 

1 



J 


Hence 


. /m—r \ 

Smi AT I 

\ n J 

. \ 

msini w I 

2,Ck«;= ^L-i 


( 2 ) 


Giving, in this equation, to r any particular system of n values, we shall obtain a system 
of n linear equations for the determination of the n constants Ci, C,, .. C«. We shall 
form this system by giving to r the values 1, 2, .. n. 

Now ctj representing 2 i,Jiy particular root selected from the series «„ a„ . , a„, multiply 
the jfibove typical equation by and then, giving to r the successive values 1, 2 . . w, 
form the sum of the equations thus arising. The result may be expressed in the form 


SiQSXor' = - £ s, sin ir) «;% 


(3) 


the summations with respect to i and r being both from 1 to w inclusive. 
But 

-fa? 

= a, (a?- ‘ + + a?" *) 


=:a,v- 


A*** 

Uj — CL. 


ay — OLi 


Now when a, is not equal to csj, this expression vanishes, since «)*=«“=— 1. When, 
however, a,=a,, the fraction — - becomes indeterminate, and its true limiting value is 

flfj 

seen to be wa*= — n. Hence (3) becomes 

••• Q=^2,8in('^»j«;--. (4) 

We have thus solved the linear system of equations. We have still to reduce this solu- 
tion by effecting the summation in the second member. 

Now to Uj we may give the form e * *, which will represent all the wth roots of — 1 

in succession if we give to J the series of values 1, 2, . . n. Hence substituting for Uj 

5a2 
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the above value, and giving to sin its exponential form, we have 

S . /m— r \ _, *4 « » — « • 

, sm 


2^-1 


€» • * —e « 5 ^ *• 


Now in general 


— 2V-1 

^^^Apnry-l_^Mry— 1 1 ^ ^ ^ 

1 _ ^Anr^^— 1 
^ArrV— I — 1 

kvht f , ^knw , , 

Ar^j+i^Sv-i 

— =3E7T 

— e * 

. ItMT 

*0i±l2w-i 

’ X-TT- , 

Bin ^ 


Putting therefore 


we have 


and putting 




-»o+n 


sin (> + !)«■ 

• (y +!)*■* 

n 




d!fcLv-i rifii±l)wv-i siniir 

Bin — 
n 


rinC/ + l)T 


Hence 2,sm 


fl 


nn» 


sm*^ 


Now 


r5±iF“ 


for all values of ^ taken from the series 1,2, .. n except the value i^l, for which the 
expression becomes indeterminate in form, and has for its true value 


» cos HIT _ncos>wr 
COS» 

—cos — 
n n 


= ±«, 


as ft is odd or even. 
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So too 

Bin*^ 

n 

4 

for all values of j taken from the series 1, 2, . . w except the value w, for which its true 
value is 


ncosny 

cosir 


= +» 


as n is odd or even. 

Hence when^ stands for any of the integers 1, 2, . . 2, we have 


When/=n— 1, we have 


2,8in(^T)«r=0. 


. /m— r \ , n 

2,8in(— . 


i— n(»4i) 




the upper or lower sign being, taken according as n is odd or even. To the second 
member we may give the form 

since 8in(»i+l)«'=0, cos (w+l )«•=+!, as w is odd or even. 

. Thus wheny=?i— 1, we have 

In the same way wheny=:w, we find 

M \ - n zSS! j^\ 

2 ^Sin^-- ”““2^^ — 1^" 

It results therefore that, according as^ is less than w— 1, equal to w— 1, or equal to 
n, we shall have 


m e" — m e * 


;,5=U, or — —7 — r, or — -7 — - 

^ >i» 2^—1 nw 2v' — 1 

In the general integral (H), art. 7 , we shall therefore have 


e* —e * 


2Q=:^ 1 1 1- 7%” 1=:^ sin 

furl 2v— 1 I mt n 


.to «?-’ log(l-«...*V)-iL^j[ ,5- log(l-«.;iV) 


V-i A«* 


}. (6) 


where V= 


V » 

l+v' 
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Now 


therefore, finally, 




W=l4 


m 


2nirv' — 


mir . 


‘J <fo «*"‘log^l— e* rfti ®”'‘log^l— 


It is seen, from the form of this expression, that it represents a real value. 


If we substitute v for a change which does not affect the limits, there results 
M==^==l+^— dt)'y”'"‘log^l— de v*‘“‘log^l— 

in which This expression we shall now reduce to an equivalent real form. 


Seduction of the expression for y®. 


9. We shall somewhat simplify the general expression above found for by inte- 
grating by parts. The integrated portion will be found to vanish at both limits. 

Representing by V, we have 



Now, expanding the logarithm in the integrated portion, and putting for V its value 

— , we see that that portion will consist of a series of terms of the form 
l+r'*’ * 

“(l+V**)’’ ’ 


r being for each such term a positive integer. 

All these terms vanish when t;s=0, since, by the conditions to which m is subject, 
m -j- (w — 1 )r is positive. 

Again, they vanish when v is made infinite, since in this case 


\^m+(n-l)r 


= Aw®"' , 


and, by the conditions relative to m, the index m— r is negative. 

We have, then, on applying the above reduction to the terms of the general value 
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Now substitute for the imaginary exponentials their trigonometrical value, and there 
results 

(l< 

1— 2a:V cos 



ir) -arV sin rV'rfv 


As X enters this expression only in combination with V, it is suggested to us to repre- 
sent xW by V. If we do this the final theorem will be 
Theobem. If represent the mth power of that real root of the equation 


which reduces to 1 whm x=0, then^ supposing m to he between the limits 1 and — n+l, 
the mine of y** will he 

— -ir^ —V sin — 


r=l+;j 


»wr\ „ rfV , 

' -r- dv 

dv 


1-2VCOS-+V* 

n 


» r 


in which 


XV 


,n-l 


l+t;’* 


10. Hence too we have the value of a remarkable definite integral, viz. 

/ . m— 1 . Tmr\d'V 

( sm »r— V Sin — ) , - v”*dv 

\ « n J dv /«,i\ 

i =«-(y"- 1) 


f 


I ■“2V cos — I- V® 
n 


(V) 


under the above conditions and with the above interpretations. 
It may be desirable to verify this result. 


Since. 

we shall have 


V= 


xv 


.n-l 


’l+U"’ 
rfV (n-l)V‘nV* 


dv 


X 


SO that the definite integral is resolvable into 

1 "XT ( • »» . fttx\ 

V| sm ^ V sin — | 

y n n / 






_ r,^V«(.ra (“- Ijl-V ,i„ 


V'dv 


l-2Vcos-+V« 

n 


^ !***»"* V*^8in - 
^1. ^ 


2Vco8-+V« 

n 
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Now it may be shown that 


. /m— 1 \ . mir 

sini irl— Vsm — , , . 

\ n / n — . /m—r— 1 , 

— L =SrSm( — - — v)Y% 

1-2Vco8-+V« ' 


the summation with respect to r extending from r=0 to r=oo . Hence the first mem- 
ber of (V) may be developed in the form 

(«-l)S,r«— sin 

p^ m + (r + l)(n— m + 1 ^ 


Now 


nr(r+ 1) 




and 


r* 

^m + l + (r+2)(n-l)\ 


<r— m + l)\ 

^ n } 

n ) 

1 1/ ▼ ■■■■■ 

Jo 

nr(r+ 2) 




jf 


+3 


__»i+(r + l)(n 
n(r+ 1) 


p^ m+(r + l)(n— l) ^p ^r— w+1 ^ 
nr(r + l) 




Hence the total coeflicient of in (V) is 


. (»i— r— 1)» 

Sin - 


r / >» + (r + l ) (n— 1) \ p / r— m + l \ 

- \r(r+i ^ 


n 


m+(r+l)(n—l) 


n(r+l) 


} 


l)ir r / ot+ ( r-H)(n— 1) \ p/ r.p-w+ 1 \ 

— ” \ /\”/ V 


nt^(r + l) 


r+l’ 


and therefore that of it' is 


m 




r(=±:^))r(^)=r(-^)r(r-^-^) 


r , r — T 

= Lr-l-— J 

•* sm( — 




Now 



DETEBMINE THE POEM OF THE BOOTS OF ALGEBBAIC EQUATIONS. 766 
Therefore the coefficient of sxf is 

* 

and this is, by art. 2, equal to tm, in the expansion of y** in ascending powers of as. 
Hence, the lowest value of r in the expansion of the definite integral being unity, we see 
that the value of that integral will be expressed by *1), as was to be shown. 

It will be observed that the function under the sign of definite integration does not 
become infinite within the limits. Ordinary methods of approximation might there- 
fore be applied. I apprehend, however, that it is not in this direction that the value 
of such results is to be sought. 
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Hauohton (S.). On the Joint-systems of Ireland and Cornwall, and their Mechanical Origin, 393. 
(For Contents, see p. 393.) 

Heart, arrangement of the muscular fibres in the ventricles of the vertebrate, 445 (see Pettigrew). 
IIerschel (J. F. W.). Catalogue of Nebulaj and Clusters of Stars, 1. 

Huggins (W.). On the Spectra of some of the Chemical Elements, 139. 

On the Spectra of some of the Nebulae, 437. 

and Miller. (W. A.). On the Spectra of some of the Fixed Stars, 413. — Introduc- 
tion, 413 ; apparatus and methods, 415 ; observations on the moon and planets, 419 ; on the fixed 
stars, 424 ; general observations, 429. 


Idiots, brains of, 551 (see Marshall). 
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J. 

Jointsystema of Ireland and Cornwall^ 393 (see Hauohton). 


D. 

Loess f 247 (see Pkestwich). 


M. 

4 

Magnetic disturbances, comparison of, at Kew and at Nertschinsk, 227. 

Magnetic observations in Columbia, Washington Territory, and Vancouver Island, 161. 

Marshall (J.). On the Brain of a Bush woman ; and on the Brains of two Idiots of European Desccut; 
501. — Brain of the Bushwoman, 503; the idiots^ brains, 525; postscript, brains of other idiots, 
551 ; explanation of the plates, 555. 

Matthiessen (A.) and Vogt (C.). On the Influence of Temperature on the Electric Conducting- Power 
of Alloys, 167. — Alloys composed of two metals, 167 ; of three metals, 189; method of deducing 
the conducting-power of a pure metal from that of an impure one, 190. 

Miller (W. A.) and Huggins (VV.). On the Spectra of some of the Fixed Stars, 413 (see Huggins). 
Molecular Physics, 327 (see Tyndall). 


N. 

Nebula, catalogue of, 1. 

, spectra of, 437. 

Nedids, 369 (see Rankine). 

Newton^s rule for the discovery of imaginary roots, 579 (see Sylvester). 

Nitrogen, substitution of, for hydrogen, 667 (see Guiess). 

P. 

Pettigrew (J. B.). On the Arrangement of the Muscular Fibres in the Ventricles of the Vertebrate 
Heart, with Physiological Remarks, 445. — Ventricle of the fish, 445 ; of the reptile, 447 ; of the 
bird, 447 ; of the mammal, 448 ; summary of facts established, 450 ; inferences deduced from a 
consideration of the arrangement of the fibres in the ventricles of the bird and mammal, 484; 
explanation of the plates, 489. 

Prestwich (J.). Theoretical Considerations of the Conditions under which the Drift Deposits con- 
taining the Remains of extinct Mammalia and Flint Implements were accumulated, and on their 
Geological Age ; also, on the Loess of the Valleys of the South of England, and of the Somme and 
the Seine, 247. (For Contents, see p. 309.) 


R. 

Radiation of heat by gases, 201, 327 (see Tyndall). 

Bankine (W. j. M.). On Plane Water-Lines in two Dimensions, 369. (For Contents, see p. 390.) 
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Sabine (E.). A Comparison of the most notable Disturbances of the Magnetic Declination in 1858 and 
1859 at Kew and at Nertschinsk ; preceded by a brief Retrospective View of the Progress of the 
Investigation into the Laws and Causes of the Magnetic Disturbances, 227* 

Scrolls, 559 (see Cayley). 

Spectra of the stars, &c., 418; of the nebulse, 437 (see HtGOiNs). 

^ectra of some of the chemical elements, 139. 

Surfaces, skew, 559 (see Cayley). 

Sylvester (J. J.). Algebraical Researches, contain^g a disquisition on Newton^s Rule for the Discovery 
of Imaginary Roots, and an allied Rule applicable to a particular class of Equations, together with 
a complete invariantive determination of the character of the Roots of the General Equation of the 
fifth Degree, 579. (For Contents, see p. 666.) 


T. 


Tetrazodiphenyl, 720. 

Tyndall (J.). On the Absorption and Radiation of Heat by Gaseous and Liquid Matter.— Fourth 
Memoir, 201. — Absorption by gases at different thicknesses, 202 ; of heat already sifted by gaseous 
absorption, 206 ; dynamic radiation, 216. 

The Bakekian Lecture. Contributions to Molecular Physics. Being the Fifth 

Memoir of Researches on Radiant Heat, 327. (For Contents, see p. 327.) 


V. 

Vogt (C.). Conducting-power of Alloys, 167 (see Matthiessbn). 

W. 

Water-lines, 369 (see Rankine). 
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fasc. 3. 4to. Milano 1863. 
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New Haven: — The American Journal of Science and Arts. Vol. XXXVII. 

Nos. 109 & 110. 8vo. New Haven 1864. 

New York : — 

American Oeographical and Statistical Society. Proceedings. 

Nos. 1-4 ; Vol. II. No. 1. 8vo. New Yorlc 1802-64. 

Lyceum of Natural History. Annals. Vol. VII. Nos. 13-16. 8vo. New 
Yorlc 1862. 

Paris: — 

Memoires de l’Acad«?mie dcs Sciences. Tome XXVI. 4to. Paris 1862. 
Comptes llendus Hobdomadaircs des Stances de PAcaddmie des Sciences. 

Tomes LII.-LVI. 4to. Paris 1861-63. 

Mdmoires de I’AcBdemic dcs Sciences Morales et Politiqucs. Tome XI. 4to. 
Paris 1862. 

Mdmoires prcsentds par divers Savants it I’Acaddmie des Inscriptions ct 
Belles-Lettres. Deuxieme serie. Tome IV. 4to. Paris 1863. 

Annales des Minos. Sixieme serie. Tomes III. & IV. 3®-6® livraisons 
do 1863 ; Tome V. 1” livr. de 1864. 8vo. Paris 1863-64. 

Le Bureau des Longitudes. Connaissanco des Mouvoments Celestes pour 
1864 et 1805. 2 vols. 8vo. Paris 1863. 

Annuairo pour 1857, 1858, 1859, 1860, 1861, 

1862, 1863, 1864. 8 vols. 8vo. Paris. 

L’Ecole Imperiale Poly technique. Journal. Cahier 40. Tomo XXIII. 4to. 
Paris 1863. 

Observatoirc Imp(;riale. Bulletin International. November 19, 1863, to Juno 
10, 1864. folio. Paris. 

Societd de Biologic. Comptes llendus des Sdances et Memoires. Sdrio 3. 

Tomo IV. Anneo 1862. 8vo. Paris 1863. 

Societe d’Encouragement pour Plndustrie Nationale. Bulletin. Tome X. 
April to December. 4to. Paris 1863. 

Societd do Gdogi’aphie. Bulletin. Sdric 5. Tomes V. & VI. 8vo. Paris 

1863. 

Socidtd Gdologiquo de P’ranco. Bulletin. Tome XX. fcTiilles 13-48, 3 parts ; 
Tome XXI. fouilles 1-5. 8vo. Paris 1863-64. 

Pest : — 

Magyar Tudomilnyos Akadcmia. Evkonyv. Kotot X. Darabja 6-14. 4to. 
Pest 1862-63. 

Magyar Tortdnclmi Tdr. Kotet IX.- 

XI. 8vo. Pesten 1861-63. 

Ertesiti). A Nyolv ds szdptudomanyi 

Osztaly Kdzldnyo, Kotet II. (3 parts). 8vo. Pest 1861-63. 

A Philosophiai, T6rvdny-ds 

Tdrtdncttudomanyi Os'ztdlyok Kdzldnyo. Kotet II. HI. 1, 2. 8vo. Pest 
1861-62. 

A Mathematikai ds Termes- 

zettudomdnyi Osztdlyok Kdzldnyo. Kdtet II. & III. 1, 2. 8vo. Pest 1862. 
Nyelvtudomdnyi Kozlemenyek. Kotot I. 


Donors. 
The Editors. 

The Society. 
The Lyceum. 

The Institute. 


L’Ecole des Mines. 

Le Bureau dcs Longitudes. 

L’Eoole Polytochniquo. 

The Observatory. 

The Society. 

The Society. 

The Society. 

The Society. 

The Hungarian Academy of 
Sciences. 


& II. 1. 8vo. Pesten 1862-63. 
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PllESENTS. 

ACADEMIES and SOCIETIES (conthmed). 

Pest : — 

Magyar Tudomunyos Akadomia. Archjcologiai Kdzlomenyok. Eiitct II. 
8vo. Pesten 186] , and Keratlasz 4t(). 

— ^ Stutistikai Ktizlcmenyek. Kdtct II. 2, 

& III. 8vo. Pesten 1862. 

Mailicmatikai s Tesmezettudoraanyi Koz- 

lemenyck. Kotet II. 8vo. Pesten 1 863. 

: Monumenta Hur.garifio Ilistorica. Irok, 

Kotot XV. ; Okmjinjdurak, Kotet VIII. & TX. 8vo. Pest 1862 -63. 

— Torok-Magyar-Kori Tortenolmi Emle- 

kck. Kotet I. & II. 8vo. Pest 1863. 

Budapesti Szemlc. Fiizet 41-57. 8vo. 

Pest 1861-63. 

Ilunfaivy, Clirestoraathia Fennica. 8vo. Pest 1861. 

Fabian, Finn Kyelvtan. 8vo. l*est 1 8.51). 

Vass, Huzai 6s Kiilfbldi Iskobizals. 8vo. Pest 1862. 

Armin, Abuska. 8vo. Pest 1862. 

Philadelphia : — 

Academy of Natural Sciences. Journal. New series. Vol. V. Parts 3 it 4. 
4to. PhiJadelpJiia 1863. 

Proceedings. Nos. 1-7. 8vo. PhtladelpJua 

186.3. 

American Philosophical Society. Proceedings. Vol. IX. No. 69. 8vo. Pld- 
ladelphifi 1863. 

Franklin Institute. Journal. Vol. LXXV. No. 4.50; Vol. LXXVI. 
Nos. 451-456; Vol. LXXVII. Nos. 457-460. 8vo. Philadelphia 
1863-64. 

Prague Sitzungsberiehto dor Kbnigl. Bbhinischeti Gcscllschaft dcr Wissen- 
schafton. Jahrgang 1863, 2 parts. 8vo. Prag 1863-64. Pcrsonalstand 
im Januar 1863. 4to. 

Borne : — 

Atti dell’ Accademia Pontificia do’ Nuovi Lincci. Anno VII. Sess. 3-5 ; 
Anno XIV. Sess. 3-7; Anno XV. Sess. 1-8; Anno XVI. Sess. 1-.5. 4to. 
Roma 1864-63. 

Bullettino Meteorologico dell’ Osservatorio del CoUegio Romano. "V ol. II. 
Nos. 18, 20, 22-24. Vol. III. Nos. 1-4. 4to. Roma 18(r3-64. 

St. Louis : — Academy of Science. Transactions. Vol. II. No. 1. 8vo. St, Louis 
1863. 

St. Petersburg; — 

Mdmoires de 1’ Academic Impt^yiale dfes Sciences. Tome IV. Nos. 10 & 11 ; 
Tome V. No. 4; Tome VI. No. 7. 4to. St. PHershourg 1862-63. 

Bulletin. Tome IV . Nos. 7—9 ; Tome V . 

Nos. 1 & 2. 4to. St. PHershourg 1862. 

Positioncs medim Stellarum fixarum in Zonis Eegiomontanis a Besselio 
inter +15® ot+ 45® declinationis observatarum, auctoro M. Weisse. 4to. 
Petropoli 1863. 

MDCCCLXIV, h 


DoNons. 


The Hungarian Academy of 
Sciences. 


The Academy. 

The Society. 
The Institute. 

The Society. 

The Academy. 

The College. 
The Academy. 

The Academy. 
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PttESEXTS. 

A.CADEMIES and SOCIETIES (continued). 

San Francisco : — ^California Academy of Natural Sciences. Proceedings. 

Vol. II. 1858-62. 8vo. San Francisco 1863. 

Stockholm : — 

Kongliga Svenska Yetohskaps-Akademiens Handlingar. Ny Foljd. Sandet 
IV. Hoftot 1, 1861. 4to. Stocl'holm 1^Q2. 

Cfversigt af Kongl. Vetenskaps-Akademiens Forhondlingar. Nittonde 
Arg&ngcn, 1862. 8vo. Stockholm 1863. 

Metcorologiska Jakttagolscr i Sverige . . bearbetade af Er. Edlund. Bandet 
III. 1861. 4to. Stockholm 1863. 

Antockningar till Spetsbergons Fogel Fauna af A. J. Malmgren, 8vo. 
Stockholm 1863. 

Jakttagolser och antockningar till Finmarkens och Spetsbergons Dagg- 
djimsfauna. 8vo. Stockholm 1 <863. 

Crustacea decapoda podophthalma marina SuecicD, interpositis speciebus 
Norvegicis aliisquo vicinis, enumcrat A. Goes. 8vo. Stockholm 1863, 
Toronto : — Canadian 1 nstituto. The Canadian Journal of Industry, Science, and 
Art. Nos. 45-51. .Svo. Toronto 1863—64. 

Toulouse: — Momoircs do I’Academie Imperialo dos Sciences, Inscriptions et 
Belles-Lettres. 6* serio. Tome I. Svo. Toulouse 1863. 

Turin: — Memorie della Reolo Accademia dello Scienzo. Serio soconda. 
Tomo XX. 4to, Torino 1863. 

Utrecht: — Koninklijk Nodorlandsch Meteorologisch Instituut. Metoorolo- 
gischoWaamemingen in Nederland en zijne Bozittingon. 4to. Utrecht 1863. 
Venice : — 

Memorie doll’ I. R. Istituto Voneto di Scionze, Lottero ed Arti. Vol. II. 
parte 1. Venezia 1862. 

Atti. Tomo VIII. disp. 4-9. <8vo. Venezia 1862-63. 

Vienna : — 

Donkschriften der Kaiscrlichen Akademio der Wissenschafton. MaUiema- 
tisch-Naturwissenschaftliche dasso. Band XXI. 4to. Wien 1863. 
Sitzungsbcrichto. Math.-Naturw. Classo, orsto Abtheilung : Band XLVT. 
Hefte 1— 5, &3-5, zweiteAbth.; BandXLVlI. Heftel-3, & 1— 4, zwoite 
Abth. Phil. -Hist. Classc: Band XL.JHefte 3-5; Band XLI. Hefte 
1 & 2. Register zu don Biindcn 31. bis 40. Svo. Wien 1862-63. 
Sitzungsbcrichto. Jahrg. 1864. Nr. 1-10, 12, 13. Svo. Wien. 

Physicalischc Vorhaltnisse und Vertheilung der Organismen im Quame- 
rischen Golfo, von J. R. Lorenz. Svo. Wien 1863. 

Genesis und Exodus nach dor Milstiitcr Handschrift, herausgogeben von J . 
Diomer. 2 vole. Svo. Wien 1862. 

Geographischen Gesellschaft. Mittheilungen, Jahi^ang VI. Svo. Wien 
1862. 

Geologischen Roichsanstidt. Jalirbuch, 1863. Band XIII. Nr. 2 & 3. Svo. 
Wien 1863. 

Zoologisch-Botanischen Geeellschait. Verhandlungen. Jahrgang 1863. 
Band XIII. Svo. Wien 1863. 

Monographic der Oestriden, von Friedrich Brauer. Svo. Wien 1863. 


DoifOKS. 
The Academy. 

The Academy . 


The Institute. 
The Academy. 
The Academy. 
The Institute. 

The Institute. 


The Academy. 


The Society. 
The Institute. 
The Somety. 
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PRKSErrs. . Doxom. 

ACADEMIES and SOCIETIES (continued). 

Washington : — 

Smithsonian Institution. AnmialReportoftho Board of Eogents for 1861. The Smithsonian Institu- 
8vo. Washington 1862. tion, 

Miscellaneous CoUoctions. 4vols. 8vo. Washing- — 

ton 1862. 

Bibliogmphy of Xorth American Conchologyprc- - - 

vious to the year 1860, by W. G. Binncy. Part 1 . 8vo. Washington ISOM. 

— — Classification of the Colcoptcm of North 

America, by J. L. Leconte. 8vo. 1801. Monograifiis of the Diptera 
of North America, by H. l.oew. Part 1. 8vo. 18<i2. Dictionary of the 
Chinook Jargon, by G. Gibbs. 8vo. 1863. List of Poreign Conx).spondents. 

. 8vo. 1862. 

Comparative Vocabular 5 ^ 4to. Washimjton 1 863. 

Wurzburg: — Physikalisch-ModicinischcGcscUsehaft. WurzburgerMedicinische The Society. 

Zeitschrift. Band III. Heftl; Band IV. llcftc 3-6 ; Bund V. Heft I. 

Naturwisscnschaftlicho Zeitschiift. Bund II. Heft 3; Band IV. Heftl. 

8vo. Wiirzlnirg 1861-04. 

York: — Yorkshire Philosophical Society. Annual Reports for 1829, 1835, The Society. 

1838-1852. 1863. 8vo. Jorl-. 

ADLER (M. N.) Some Considerations on the Government Life Annuities and The Author. 

Life Assurances Bill. 8vo. London 1804. 

AIRY (G. B., F.R.S.) Astronomical and Magnetical and Meteorological Obscr- The Lords Commissioners 
rations made at the Royal Observatory, Greenwich, in 1861. 4to. London of the Admiralty. 

1863. 

ALEMBERT (D’) Traitd do Dynamicpio. Nouvelle edition. 4to. Pans 1758. H. Dircks, Esq. 

ANDREW (J. A.) Address to the two branches of the Legislature of Massa- Professor Agassiz, For. Mem. 

chusetts, Jan. 9, 1863. 8vo. Boston 1863. R.S. 

ANONYMOUS:— 

Abstracts of Magnetical Observations made at the Magnetical Observatory, The University of Toronto. 
Toronto, 1853-1862. 4to. Toronto 1863. 

Almanaque Nautico para 1864, 1865, calcidado en el Observatorio do Marina The Observatory, 
de San Fernando. 8vo. Cadiz 1862. 

Annual Report of the Trustees of the Musoxun of Comparative Zoology, 1862. Professor Agassiz,For.Mem. 

8vo. Boston 1863. R.S. 

Anuario del Real Observatorio de Madrid; quinto aiio, 1864. 8vo, Madrid The Observatory. 

1863. 

Artificial Clock-Maker, a Treatise of Watch and Clock-Work, the second H. Dircks, Esq. 
edition, by W.D[erham]. 8vo. London 1700. 

Astronomical and Meteorological Observations made at the United States Naval The Observatory. 

Observatory during the year 1862. 4to. Washington 1863. 

Catalogue of the American Philosophical Society Libraiy. Part 1. 8vo. Phita- The Society. 
delphia 1863. 

Certamen Religiosum, or a Conference between the late King of England and H. Dircks, Esq. 
the late Lord Marquesse of Worcester concerning Religion. 4to. London 
1661. 

Closet for Ladies and Gentlewomen, or the Art of Preserving, Conserving and 

Candying. 18mo. London 1664. 

i 2 , 
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PSESEKTS. 

ANONYMOUS (continue^. 

Copies Photographies des Miniatures dos Manuscrits Grccs conscrvds & la 
Pibliothi^ue Synodalc, autrefois Patriarcalo de Moscou. foUo. Moacou 1802. 

Delights for Ladies, to adorn their persons, tables, elosots, and Distillatories. 
18mo. London 1654. 

Effomoridi Astronomiche di Milano, 1853-1860, 1862-1804. 11 vols. 8vo. 
1862-1863. 

Piftoenth Annual Beport of the Committee of the Royal Museum, Library and 
Park, Borough of Salford. 8vo. Salford 1863. 

Fifth Report of the Medical Officer of the Privy Council, with Appendix. 8vo. 
London 1863. 

Flora Batava, Afbeelding cn bcschrijving von Ncdcrlandscho Gewassen, door 
J. Eops cn F. A. Hartsen, 186. Aflevoring. 4to. Amsterdam. 

Insanity and Crime : a Medico-Legal Commentary on the case of George Victor 
Townloy, by tho Editors of the “ Journal of Mental Science.” 8vo. London 
1864. 

International Exhibition, 1862. Jurors’ Reports. Chronometers, Watches 
and Clocks. 8vo. London. 

Jahresbericht am 14. Juni 1863 dem Comitd dor Nicolai-Hauptstemwarte. 
8vo. St. Petersburg 1863. 

Judicial Statistics, 1862: England and Wales. 4to. London 1863. 

Mahdbhiishya, Dr. Ballantyno’s unfinished edition, oblong. 

Margarita Philosophica. 4to. Heydelhergte 1406. 

Maupertuisiana (a Collection of Tracts relating to Maupertuis). 8vo. Hum- 
hourg 1763. 

Nautical Almanac and Astronomical Ephemeris for 1867. Supplement: 
Ephemeiides of the Minor Planets for 1864. 8vo. London 1863. 

Notitiautraquecum Orientis turn Occidentis ultra Arcadii Honoriiquo Cmsarum 
tempora : illustrc Yetustatis Monumentum, imo thesaurus prorsum incompa- 
rabilis. fol. Basilece 1552. 

Observations Mdtcorologiqucs faitos h Nijn^-Taguilsk. Anndes 1861 et 1862. 
8vo Paris 1863. 

Relazione della Direzione Tecnica alia Direzione Gcneralc dcUe Strade Ferrate 
deUo Stato. 4to. Torino 1863. 

Report of Progress of tho Geological Survey of Canada from its commencement 
to 1863. 8vo. Montreal 1863. 

Report of tho Streets Committee, Metropolitan Board of Works. 8vo. London 
1864. 

Report upon Metropolitan Railway and other schemes of Session 1864, by J. W. 
Bazalgette. 8vo. London 1864. 

Report on tho Madras Military Fund, containing New Tables of Mortality, 
Marriage, &c., deduced ' from the fifty years’ experience 1808 to 1858, by 
S. Brown, P. Hardy, and Colonel J.T.* Smith.. 8vo. London 1863. 

Reports of tho Superintendent of tho Coast Siu*vey, showing the progress of 
the Survey during the years 1869 and 1860. 4to. Washington 1860. 

Results of Mdteorological Observations made, under the direction of the United 
States Patent Office and the Smithsonian Institution, from 1864 to 1869 
inclusive. Yol. I. 4to. Washington 1861. 


Doeobs. 

The Public Museum, Mos- 
cow. 

H. Dircks, Esq. 

The Observatory, Milgn, 

Tho Committee. 

John Simon, F.R.S. 

Tho Netherlands Minister of 
tho Interior. 

The Authors. 


C. Frodsham, Esq. 

Tho Observatory, 

Tho Secretary of State for 
tho Home Department. 
Asiatic Society of Bengal. 
H. Dircks, Esq. 


The Lords Commissioners of 
tho Admiralty. 

H. Dircks, Esq. 

The Princo Demidoff. 

Italian Secretary of State for 
Public Works. 

Lord Monck. 

Tho Board of Works. 


Colonel J. T. Smith, F.R.S. 

The Coast Survey Office, 
Washington. 

The Smithsonian Instatn- 
tion. 
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Pkesents. 

ANONYMOUS (continued). 

Some Papers proper to bo read before the II Soeiety, concerning the 

Terrestrial Chrysipus, Golden-foot, or Guinea, collected by Petrus Gualterus. 
[By H. Fielding.] 8 vo. London 1743, • 

Statistical and McdicalBeports of the Army Medical Department for 18G1. 
8 vo. London 1863. 

Statistiquo de la France. Mouvement do la Population pendant 1868, 1859 
ot 1860. 4to. Strasbourg 1863. 

Tables of Heights in Sind, the Punjaub, N.W. Provinces, and Central India, 
determined by the Great Trigonomci^cal Survey of India. 8 vo. Calcutta 
1863. 

Trabalhos do Observatorio Meteorologico do Infante D. Luiz na Escola Poly- 
tcchnica ( 8 . Anno, 1862). folio. Lisboa 1863. 

Vollstandiges Mathcmatisches Lexicon [Wolff’s]. 2 vols. 8 vo. Leipsic 1734. 

AEGEIANDEll (F. W. A., For. Mem. ll.S.) Astronomisebe Beobachtungen auf 
der Stemwarto zu Bonn. Band V. 4to. Bonn 1862. 

Atlas des Nordlichcn gestimten 

Himmels fiir den Anfang des Jahres 1855. Lief. 5. folio. Bonn 1859. 

ASHE (lieiit. E. D.) The Motions of the Top,' Teetotum, and Gyroscope 
explained. 8 vo. Quebec 1864. 

AVEZAC (D*) Coup d’Qilil Historiquo sur la Pi-ojoction des Cartes de Geo- 
graphic. 8 VO. Paris 1863. 

BABBAGE (C., F.R.S.) A chapter on Street Nuisances. 8 vo. London 1864. 

BABINGTON (John) Pyrotechnia, or a Discourse of Artificial! Fire-Works, 
folio. Loivdon 1635. 

A short Treatise of Geometrie. folio. London 1635. 

BACHE (A. D., For. Mem. R.S.) Discussion of the Magnetic and Meteorological 
Observations made at the Girard College Observatory, Philadelphia, in 1840, 
1841, 1842, 1843, 1844 and 1845. Parts 2-0. 4to. WasUnyton 1862. 

Report of the Superintendent of the United 

States Coast Survey. Appendices Nos. 16-25. 4to. Washinyton 1861. 

Plaster Model to illustrate the diurnal variation 

of the Magnetic Declination, in a wooden box 1862. 

BAIRD (W.) A Cyclopmdia of the Nautical Sciences. 8 vo. London 1858. 

BANTING (W.) Letter on Corpulence, addressed to the Public. 8 vo. London 
1863. 

BATE (C. S., F.R.S.) Catalogue of the Specimens of Amphipodous Crustacea in 
the Collection of the British Museum. 8 vo. London 1862. 

BAYLIE (Tho.) Certamon ReUgiosum : or a Gonferenco between Charles I. 
and the late Marquess of Worcester. 8 vo. landpn 1649. 

BEKE (C. T.) A Lecture on the Sources of tho Nile. 8 vo. London 1804. 

1 . Who discovered the Sources of the Nile I A letter ^ to Sir 

Roderick I. Murchison. 8 vo. London 1863. 

BELAVENETZ (Capt.) Deviations of the Compass and tho Compass Observatory 
(in Russian). 8 vo. St. Pilerdtourg 1863. 

BERON (P.) La Ddcouverte de POrigine de la Pesanteur. 8 vo. Pam 1863. 

BEBTHELOT (— ) ot P^AN DE SAINT GILLES. Reohcrches sur les 
Affinitds. Partio 3* et 4*. 8 vo. Pam 1863, 


Donobs. 

Professor Do Morgan. 

Dr. T.G. Balfour, F.R.S. 
Unknown. 

Tho Secretary of State for 
India. 

Tho Observatory. 

H. Dircks, Esq. 

Tho Ob 8 ervator 5 \ 

Tho Author. 

The Author. 

The Author. 

Tho Author. 

H. Dircks, Esej. 

Dr. Bachc. 


Tho Author. 
Tho Author. 

The Author. 

II. Dircks, Esq. 

Tho Author. 

Tho Author. 

The Author. 
Tho Autiors. 
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Pbesents. 

BETTINUS (Marius) Apioria Univorsao Philosophise Mathematicse. fol. Bononice 
1642. 

BEZOUT ( — ) Cours do Mathdmatiques k I’usago des gardes du Pavilion, do 
la Marine, et des fil^ves do I’^colo Polytechniquo. 4® partic. 2 vols. 8vo. 
Paris 1800. 

BIBCH (S.) Description of the Papyrus of Nas-Bhem, Priest of Amon-ra, dis- 
covered in an excavation made by direction of His Eoyal Highness the Prince 
of Wales in a tomb near Gournah at Thebes. 8vo. London 1 863. 

BOCKLERUS (G. A.) Theatrum Machinanim Novum ... ex Germania in 
Latium recens translatum opera H. Schmitz, folio. Colonifs Ag%ppin(r. 1672. 

BOHM (J. G.) und ALLli (M. ) Magiietische und metcorologische Beobachtxmgcn 
zu Prag. Jahrgangc 23 & 24. 4to. Prag 1863-64. 

BOND (G. B.) On the new form of the Achromatic Object-glass introduced by 
Steinhcil. list of New Nebulee and Star Clusters seen at the Observatory 
of Harvard College 1847-63. (Excerpt from Proc. Amer. Acad.) 8vo. 
Camhrulge, N.E. 1863. 

BOUTON (L.) Rapport presente A la Chambre d’Agriculturo sur les diverses 
espAcos do cannes A sucre cultiv^es A Maurice. 8vo. Maurice 1863. 

BRAYLEY (E. W., F.R.S.) An Account of some of the recent Observations and 
Researches of Astronomers and Physicists on the Physical Constitution of the 
Sun. 8vo. London 1863. 

BREEN (H.) Corrections to Lunar Observations. (Excerpt from Edinb. 
Astron. Obs. vol. 12.) 4to. Edinburgh 1862. 

BROWN (Robert) Prodromtis Flono Nov® HoUandi® et Insul® Van Diemen. 
8vo. Londini 1810. 

BROWNE (R. G. S.) The Mosaic Cosmogony, a Literal Translation of the first 
chapter of Genesis, with Annotations and Rationalia. 8vo. London 1864. 

BUCKNILL (J. C.) Unsoundness of Mind in relation to Criminal^Acts. Sugden 
Prize Essay. Second edition. 8vo. London 1857. 

The Psychology of Shakespeare. 8vo. London 1869. 

The Medical Knowledge of Shakaspearo. 8vo. London 1860. 

BUCKNILL (J. C.) and TUKE (D. H.) A Manual of Psychological Medicine. 
Second edition. 8vo. London 1862. 

CARLINI (F.) Tavole della equazione del centro o riduziono aU’ eclittica pei 
quattro nuovi pianeti. 8vo. Milano 1818. 

Osservt^oni della lunghezza del pendolo semplico fatte all’ 

altezza di miUe tose sul livello del mare. 8vo. Milano 1823. 

Considerazioni suUo ineguaglianze a lungo periodo che alterano 

le epoche- della longitudino della luna. §vo. Milano 1824. 

Esposizione dcUe osservazioni di segnali a polvere nnovamente 

accesi sul monte Baldo e sul monte Cimono neU’ anno 1826. 8vo. Mtlano. 

Memorie suUe irrqgolaritA che si osservano nei liveUi a holla 

d’ aria. 8vo. Milano 1826. 

Esposizione delle operazioni eseguito per assicurare ooU’ erezione 

di duo piramidi di griinito i termini della base trigonometrica della triango- 
lazione in Lombardia. 8vo. MtUmo 1636. 

Osservazioni astronomiohe istitnito nell’ oocasione dell* Ecolisse 

dell’ 8 Luglio. 8vo. Milano 1842. 


Donobs. 

H. Dircks, Esq. 


His Royal Highness the 
Prince of Wales. 

H. Dircks, Esq. 

The Obsen’atory. 

The Author. 

The Author. 

The Author. 

The Author. 

Dr. Boott. 

The Author. 

The Author. 


Dr. BuckniU. 

The Observatory, Milan. 
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PilXSENTS. 

CARLINI (F.) Aloimo considerazioni sul Caloolo dello Orbite delle Ck)mete. 8vo. 
Milano 1846. 

Nuova dotorminaziono della rifraziono astronomica pel cUma 

di Milano. 8vo. Milano 1849. 

SuUe propriety dello funzioni algobricho conjugate. 8vo. Wien 

1854. 

Sopra alcuno funzioni osponenziali comprcso nella formola oc*'*. 

4to. Milano 1819. 

AlgoHtmo pel calcolo dello pcrturbazioni lunari. 4to. Milano 

1838. 

— Dell’ orbita ollittica della cometa ultimamente ossoirata e di 

alcune leggi cho apparujcono noUa distribuzione de’ corpi del sistema solare. 
4to. Milano 1844. 

Descrizione d’ una macchinetta che servo a risolvoro il probloma 

di Keplcro ossia a trovare I’anomalia eccentrica data I’anomalia media 
qualunquo sia 1’ eccontricitii. 4to. Milano 1852. 

Intorno lo misure per la dotcrminaziono della difforonza di 

altezza fra il mar Nero od il Casijio. 4to. Milano 1853 . 

Prescntaziono di varii documonti relativi alia costruziono del 

baromotro Campiono. 4to. Milano 1855. 

Descriziono di due barometri di nuova forma. 4to. Milano 

1855. 

CARRINGTON (R. C., F.R.S.) Observations of the Spots on the Sun from 
November 9, 1853, to March 24, 1861, made at Rcdhill. 4to. Tjomlon 
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CARSON (J.) Essays on Digestion, written in 1834. 8vo. Liverpool 1863. 
CARDS (C. G.) Zur vergleichenden Symbolik zwischon Menschon- und Affen- 
Skelet. folio. Jena 1861. 

CASATUS (Paulus) Mochanioorum libri octo. 4to. Jjogduni 1684. 

CAUTLEY (Sir P. T., F.R.S.) Report on the Ganges Canal Works from their 
commencement until the opening of the canal in 1854. 2 vols. 8vo, and 
Vol. III. 4to. London 1860. 

Plans to illustrate the Report on the Ganges 

Canal Works, folio. London 1860. 

AReply to Statements made by Sir Arthur Cotton 

on the Projection of the Ganges Canal Works. 8vo. London 1863. 

— — A Disquisition on the Heads of the Ganges and 

Jumna Canals, N.W. Provinces, in reply to Strictures by Major General 
Sir Arthur Cotton. 8vo. London 1864. 

CLAUSIUS (R.) UebereinenGrundsatsdermechanisohen Warmetheorie. 8vo. 
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Ueber den Unterschied zwischon activem und gewbhnlichem 

Sauerstoffe. 8to. 1863. 
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COLNET D’HUART (De) Physique du Globe. Determination de la loi du 
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FEBGUSSON (Commander E. F. T.) Magnetical and Meteorological Observa- 
tions made at the Government Observatory, Bombay, in tlie year 1862. 4to. 
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“Westeras,” “Arboga,” “Skultuna,” “ Siidertelge,” “Eskilstuna.*’ 5 parts. 
8vo. Stockholm 1863. 

The American Journal of Science and Arts. Vol. XXXVI. & XXXVII. 8vo. 
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